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IV.  The  Influence  of  Calcium  Chloride,  Adrenalin,  Myo¬ 
carditis  AND  Nephrectomy  upon  the  Dilution  of  Blood 
During  Intravenous  Injection  of  Sodium 
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(From  the  Laboratory  of  Experimental  Pathology,  of  the  University  of 
Pennsylvania.) 

In  the  course  of  our  studies  (Studies  in  Edema,  I,  II  and  III) 
concerning  the  influence  of  various  substances  and  conditions  upon 
the  production  of  urine,  ascites  and  intestinal  fluid  it  was  of  im¬ 
portance  to  determine  how  much  of  the  injected  fluid  was  retained 
within  the  blood  vessels  and  to  correlate  the  elimination  of  fluid 
through  the  kidneys,  intestinal  epithelium  and  peritoneum  with 
the  retention  in  or  elimination  through  the  blood  vessels  of  the 
fluid  injected  intravenously.  It  was  likewise  important  to  determine 
whether  the  various  agencies  affected  the  endothelium  of  the  blood 
vessels  as  they  affected  the  peritoneal  endothelium. 

\Ve  measured  the  dilution  of  the  blood  by  determination  of  the 
hemoglobin  content  of  the  blood  at  different  periods  during  the 
infusion,  using  for  this  purpose  the  Fleischl-Miescher  hemoglobino- 
meter.  The  first  estimation  was  made  before  the  animal  was 
anesthetized  and  before  beginning  the  infusion.  The  blood  for  the 
first  as  well  as  for  the  later  estimation  was  taken  from  the  jugular 
vein.  Here  the  possible  stagnation  of  the  blood  was  much  less 
likely  to  influence  the  result  than  if  the  blood  were  taken  from  the 
smaller  vessels  of  the  ear. 

In  a  large  number  of  the  animals  counts  were  made  after  an 
inflow  of  lOO,  200,  300,  400,  600  and  700,  or  800  c.c.  of  solution; 
in  others  after  200,  400  and  600  c.c. ;  and  still  others,  counts  were 
taken  after  either  600,  700  or  800  c.c.  had  been  infused.  These 
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latter  counts  have  been  referred  to  in  an  earlier  communication,  but 
are  here  included  for  further  consideration.  Hemoglobin  counts 
were  taken  in  both  nephrectomized  and  non-nephrectomized  animals 
which  were  infused  with  0.85  per  cent,  sodium  chloride  solutions  or 
with  mixtures  of  one  part  of  a  1.22  per  cent,  calcium  chloride  solu¬ 
tion  and  four  parts  of  a  0.85  per  cent,  sodium  chloride  solution,  or 
with  these  same  solutions  to  which  small  quantities  of  adrenalin  had 
been  added.  Counts  were  also  taken  in  experiments  on  animals  in 
which  experimental  myocarditic  lesions  had  been  produced.  The 
method  of  the  infusion  was  the  same  as  that  described  in  an  earlier 
communication  (i). 

ANIMALS  INFUSED  WITH  SODIUM  CHLORIDE  SOLUTION. 

Considering  first  those  estimations  which  were  made  in  nephrec¬ 
tomized  animals  in  which  only  one  count  was  made,  after  600,  700 
or  800  c.c.  of  sodium  chloride  solution  had  been  infused,  we  find 
a  surprising  concordance  in  the  averages  at  these  three  periods,  thus, 
at  600  c.c.  the  average  reduction  of  hemoglobin  is  30  per  cent. ; 
at  700  C.C.,  31  per  cent.;  and  at  800  c.c.,  29  per  cent.  In  the  in¬ 
dividual  counts,  however,  the  variations  are  quite  wide,  the  dilution 
of  the  blood  varying  between  20  and  40  per  cent. 

Turning  now  to  those  cases  in  which  serial  counts  were  made,  we 
find  in  nephrectomized  animals  the  curve  shown  in  Chart  I. 


Chart  I.  Influence  of  infusion  of  sodium  chloride  solution  in  nephrecto¬ 
mized  animals  on  hemoglobin.  Numbers  on  abscissa  represent  amount  of 
solution  infused.  Numbers  on  ordinate  represent  percentage  reduction  of 
hemoglobin. 
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In  every  one  of  the  four  experiments  we  find  a  marked  reduction 
of  hemoglobin  after  lOO  c.c.  or  200  c.c.  of  fluid  have  been  infused, 
less  reduction  at  300  c.c.  and  gradually  as  more  fluid  is  infused  the 
reduction  again  becomes  more  marked. 

In  non-nephrectomized  animals  much  the  same  curve  of  reduction 
of  hemoglobin  may  be  noted.  The  minimum  of  the  cun^e  does 
not  appear  so  constantly  at  300  c.c.  in  non-nephrectomized  as  in 
nephrectomized  animals,  but  at  least  a  corresponding  stage  is  found 
in  each  condition.  Preceding  nephrectomy  seems  to  favor  the  elim¬ 
ination  of  fluid  from  the  vascular  system. 


Chart  II.  Influence  of  infusion  of  sodium  chloride  solution  in  non-neph¬ 
rectomized  animals  on  hemoglobin. 

ANIMALS  INFUSED  WITH  MIXTURES  OF  SODIUM  CHLORIDE  AND 
CALCIUM  CHLORIDE. 

In  this  series  counts  were  made  only  in  non-nephrectomized 
animals,  the  average  reduction  of  the  hemoglobin  being  approxi¬ 
mately  the  same  as  in  animals  infused  with  sodium  chloride  solution. 
However,  with  mixtures  of  sodium  chloride  and  calcium  chloride 
the  minimum  of  the  reduction  appears  at  a  somewhat  later  period 
than  with  sodium  chloride  solution.  The  dilution  of  the  blood  is 
not  so  marked  in  these  experiments  as  in  the  series  with  non-nephrec¬ 
tomized  animals  infused  with  sodium  chloride  solutions,  but  ap¬ 
proaches  more  nearly  the  curve  seen  in  nephrectomized  animals  in¬ 
fused  with  sodium  chloride  solutions. 
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ANIMALS  INFUSED  WITH  SOLUTIONS  TO  WHICH  ADRENALIN  HAS 

BEEN  ADDED. 

In  these  experiments  adrenalin  (i  to  1,000  solution)  was  added 
to  the  solution  to  be  infused  in  the  proportion  of  1.5  c.c.  to  every 
1,000  c.c.  of  solution.  In  a  series  of  animals  into  which  sodium 
chloride  solution  plus  adrenalin  was  infused,  hemoglobin  estima¬ 
tions  were  made  after  either  600  c.c.,  700  c.c.  or  800  c.c.  had  been 


Chart  III.  Influence  of  infusion  of  mixtures  of  sodium  chloride  and  cal¬ 
cium  chloride  in  non-nephrectomized  animals  on  hemoglobin. 

infused.  In  non-nephrectomized  animals  the  average  reduction  at 
600  c.c.  was  34  per  cent. ;  at  700  c.c.,  32  per  cent. ;  and  at  800  c.c., 

31  per  cent. 

In  nephrectomized  animals  infused  with  the  same  solution  we 
found  at  600  c.c.,  24  per  cent,  reduction  of  hemoglobin;  at  700  c.c., 

32  per  cent,  reduction,  and  31  per  cent,  reduction  at  800  c.c.  In 
this  series  nephrectomy  has  little  or  no  effect  in  decreasing  the  dilu¬ 
tion  of  the  blood  except  possibly  in  the  earlier  stages. 

Nephrectomized  animals  which  were  infused  with  mixtures  of 
sodium  chloride  and  calcium  chloride  to  which  adrenalin  had  been 
added  show  the  usual  form  of  curve.  It  resembles  the  curve  seen 
in  nephrectomized  animals  infused  with  sodium  chloride  solution. 
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Chart  IV.  Influence  of  infusion  of  mixtures  of  sodium  chloride  and  cal¬ 
cium  chloride  plus  adrenalin  in  nephrectomized  animals  upon  hemoglobin. 


ANIMALS  WITH  MYOCARDITIC  LESIONS. 

Myocarditic  lesions  were  produced  in  rabbits  by  the  injection  of 
sparteine  sulphate  and  adrenalin.  The  method  of  production  and 
nature  of  the  lesions  we  have  described  elsewhere  (4).  In 
nephrectomized  animals  which  showed  a  gross  myocarditic  lesion 
and  into  which  sodium  chloride  solutions  were  infused  we  found 
the  usual  form  of  curve  of  hemoglobin  reduction. 


Chart  V.  Influence  of  myocarditic  lesions  in  nephrectomized  animals  on 
hemoglobin. 


In  non-nephrectomized  animals  with  macroscopic  myocarditic 
lesions  the  curve  resembles  the  common  form,  but  the  reduction  of 
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hemoglobin  is  rather  more  marked  than  in  the  nephrectomized 
animals;  and  in  the  non-nephrectomized  myocarditic  animals  the 
dilution  of  the  blood  is  somewhat  greater  than  in  non-nephrec¬ 
tomized  animals  without  myocarditic  lesions. 


Chart  VI.  Influence  of  myocarditic  lesions  in  non-nephrectomized  animals 
on  hemoglobin. 


In  nephrectomized  animals  which  had  been  injected  with  adrenalin 
and  sparteine,  in  which,  however,  no  gross  myocarditic  lesion  was 
present  at  autopsy,  we  found  the  curve  of  the  hemoglobin  reduction 
closely  resembling  that  seen  in  nephrectomized  animals  infused  with 
sodium  chloride  solution,  but  here  also  the  dilution  of  the  blood 
is  somewhat  more  marked  than  in  animals  without  myocarditic 
lesions. 


Chart  VII.  Influence  of  infusion  of  sodium  chloride  solution  in  nephrecto¬ 
mized  animals,  showing  no  gross  heart  lesion,  on  hemoglobin. 


Moyer  S.  Fleisher  and  Leo  Loeb. 


633 


Summarizing  the  results  of  all  these  experiments  it  appears  that 
the  dilution  of  the  blood  follows  a  certain  curve  which  is  quite 
constant.  After  loo  c.c.  of  fluid  has  been  infused  the  dilution  is 
quite  marked,  varying  from  20  to  50  per  cent. ;  the  dilution  reaches 
its  maximum  usually  after  200  or  300  c.c.  of  fluid  have  been  in¬ 
fused  and  then  a  decrease  in  the  dilution  is  noticeable.  Gradually 
with  increasing  inflow  the  dilution  increases  again  rather  slowly 
and  reaches  at  700  or  800  c.c.,  approximately  the  same  point  as  at 
200  or  300  c.c.  It  seems  that  the  dilution  varies  but  little  between 
600  and  800  c.c. 

Our  experiments  indicate  some  differences  in  the  dilution  of  blood 
resulting  from  the  various  experimental  conditions.  It  appears  that 
nephrectomy  does  not  increase  the  dilution  of  the  blood  but  rather 
tends  to  the  opposite  action,  lessening  the  dilution  of  the  blood. 
The  addition  of  calcium  chloride  to  the  sodium  chloride  solution 
does  not  have  any  very  marked  effect ;  there  is  however,  a  suggestion 
that  the  fluid  retained  within  the  vessels  is  decreased  under  the  in¬ 
fluence  of  calcium  chloride.  Thus,  neither  nephrectomy  nor  calcium 
chloride  has  a  very  marked  influence  upon  the  amount  of  fluid  re¬ 
tained  in  the  vascular  system.  They  certainly  do  not  increase  but 
seem  rather  to  decrease  the  amount  of  fluid  retained.  This  seems 
to  speak  against  the  assumption  that  under  the  conditions  of  our 
experiments  the  osmotic  pressure  of  the  blood  is  increased  as  a  result 
of  either  nephrectomy  or  under  the  influence  of  calcium  chloride. 
An  accurate  determination  of  the  osmotic  pressure  of  the  blood 
during  the  infusion  under  the  influence  of  nephrectomy  and  calcium 
chloride  we  have  left  for  future  consideration. 

Contrary  to  expectation,  notwithstanding  its  constricting  influ¬ 
ence  upon  the  vessels,  adrenalin  does  not  decrease  the  dilution  of  the 
blood.  Both  Erb  (5)  and  Hess  (6)  found  that  the  intravenous 
injection  of  adrenalin  into  rabbits  increased  the  concentration  of  the 
blood.  They  both  considered  that  this  effect  was  due  to  the  in¬ 
creased  blood  pressure  which  forced  the  fluid  parts  of  the  blood  out 
of  the  vascular  system  by  a  process  of  filtration.  Asher  (7)  and 
his  pupil  Bohm  (8),  however,  as  a  result  of  their  experiments,  do 
not  believe  that  filtration  can  explain  this  concentration  of  the 
blood,  but  believe  that  it  is  due  to  some  other  action  of  the  adrenalin. 


634 


Studies  in  Edema. 


possibly  the  stimulation  of  certain  secretory  organs.  Our  experi¬ 
ments  are,  however,  not  quite  comparable  to  those  of  the  previous 
investigators,  inasmuch  as  in  our  experiments  a  constant  slow  inflow 
of  adrenalin  took  place,  while  in  the  work  of  the  latter  the  adrenalin 
acted  during  a  comparatively  short  period.  This  may  explain  the 
difference  in  the  results  obtained.  Myocarditic  lesions  cause  greater 
dilution  of  the  blood,  a  result  possibly  due  to  the  diminished  strength 
of  the  heart. 

In  considering  the  dilution  of  the  blood  in  relation  to  the  amount 
of  fluid  eliminated  as  urine,  ascites  or  intestinal  fluid,  we  find  a  rela¬ 
tionship  suggested.  Thus,  it  appears  that  the  dilution  of  blood  is 
most  marked  in  those  experiments  in  which  but  little  fluid  was 
eliminated  as  intestinal  fluid,  peritoneal  fluid  and  urine;  while  the 
dilution  of  the  blood  was  least  marked  in  those  experiments  in  which 
the  sum  of  the  latter  fluid  was  greatest.  Such  a  relation  appears 
clearly  in  six  cases,  it  is  suggested  in  five,  and  in  only  one  case  is 
it  entirely  absent. 

Dastre  and  Loye  (9)  in  experiments  on  rabbits  found  that  when 
sodium  chloride  solution  was  infused  'at  a  rate  of  2  c.c.  per  minute 
per  kilo  the  existence  of  a  mechanism  regulating  the  quantity  of 
fluid  in  the  body  was  made  manifest.  This  mechanism  so  acted 
that  when  a  quantity  of  fluid  equal  to  the  mass  of  blood  had  been 
infused  the  kidneys  became  active  and  that  fluid  exceeding  such  a 
quantity  was  eliminated  by  the  kidneys.  Thus  no  matter  what 
quantity  of  fluid  was  infused  an  amount  just  equal  to  the  original 
bulk  of  the  blood  was  retained,  and  of  this  25  per  cent,  was  retained 
in  the  blood,  the  other  75  per  cent,  being  distributed  in  the  body 
cavities  and  tissues.  These  observers  (10)  obtained  similar  results 
in  dogs,  but  not  with  as  great  a  constancy.  Magnus  (ii),  how¬ 
ever,  who  carried  out  similar  experiments  came  to  somewhat  dif¬ 
ferent  conclusions.  He  found  that  the  beginning  of  the  flow  of 
urine  did  not  take  place  just  at  that  period,  when  a  quantity  of 
fluid  equal  to  the  bulk  of  the  blood  had  been  infused,  but  that  the 
time  at  which  the  diuresis  began,  varied  widely.  The  quantity  of 
fluid  retained  within  the  body  bore  no  constant  relation  to  the 
original  bulk  of  the  blood.  Even  at  the  height  of  diuresis  he  found 
a  reduction  of  hemoglobin  of  33  per  cent,  and  not  of  25  per  cent.,  as 
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Dastre  and  Loye  had  stated.  Although  the  results  of  Magnus  were 
almost  entirely  obtained  through  experiments  on  dogs,  the  degree  of 
reduction  of  hemoglobin  which  he  finds  corresponds  closely  with  the 
results  we  obtained  in  rabbits  after  from  600  to  800  c.c.  of  fluid  had 
been  infused. 


Relation  between  Dilution  of  Blood  and  Fluid  Eliminated  as  Intestinal  Fluid, 

Ascites  or  Urine. 


Condition. 

Fluid  infused. 

Reduction  of 
hemogiobin. 

Sum  of  urine, 
ascites  and 
intestinal  fluid. 

Nephrectomized. 

800  c.c.  sod.  chlor.  | 

25  per  cent. 

38  per  cent. 

210 

II5 

Nephrectomized. 

800  c.c.  sod.  chlor.  | 

19  per  cent. 

28  per  cent. 

180 

no 

Non-nephrectomized. 

800  c.c.  sod.  chlor.  | 

31  per  cent. 

44  per  cent. 

4IS 

342 

Non-nephrectomized. 

700  c.c.  sod.  chlor.  4-  adr.  | 

18  per  cent. 

39  per  cent. 

s6o 

310 

Non-nephrectomized. 

600  c.c.  sod.  chlor.  +  adr.  | 

25  per  cent. 

41  per  cent. 

500 

260 

Non-nephrectomized. 

800  c.c.  sod.  chlor.  +  adr.  | 

20  per  cent. 

44  per  cent. 

490 

260 

Suggesting  the  Relation. 

Nephrectomized. 

600  c.c.  sod.  chlor.  | 

25  per  cent. 

40  per  cent. 

140 

no 

Nephrectomized. 

600  c.c.  sod.  chlor.  +  adr.  | 

17  per  cent. 

34  per  cent. 

115 

85 

Nephrectomized. 

700  c.c.  sod.  chlor.  4-  adr.  | 

29  per  cent. 

37  per  cent. 

163 

-I2S 

Nephrectomized. 

800  c.c.  sod.  chlor.  4-  adr.  | 

19  per  cent. 

43  per  cent. 

160 

125 

Myocarditis. 

sod.  chlor.  | 

22  per  cent. 

60  per  cent. 

200 

160 

In  experiments  with  non-nephrectomized  animals  at  the  time 
when  but  little  urine  was  being  eliminated,  we  noted  the  early 
maximum  in  the  reduction  of  hemoglobin,  the  maximum  of  diuresis 
being  usually  reached  after  from  300  to  400  c.c.  of  fluid  had  been 
infused,  and  at  200  c.c.  the  secretion  of  urine  was  just  beginning. 
In  a  similar  way  we  found  that  in  nephrectomized  animals  which 
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were  examined  after  200  or  300  c.c.  of  fluid  had  been  injected,  there 
was  but  little  ascites  or  intestinal  fluid;  thus  this  early  period  of 
dilution  of  the  blood  corresponds  to  a  time  when  we  find  the  secre¬ 
tion  of  urine  very  small,  and  also  the  elimination  of  fluid  into  the 
intestines  or  peritoneum  very  insignificant. 

A  very  large  quantity  of  fluid  must  have  been  retained  in  other 
parts  of  the  body  for,  in  experiments  with  non-nephrectomized  ani¬ 
mals  after  800  c.c.  of  fluid  were  infused,  by  adding  urine,  ascites, 
intestinal  fluid,  gastric  fluid,  pleural  fluid  and  fluid  retained  in  the 
blood,  we  can  account  for  only  about  560  c.c.  (340  c.c.  urine,  40  c.c. 
intestinal  fluid,  40  c.c.  ascites,  100  c.c.  gastric  fluid,^  10  c.c.  pleural 
fluid  and  about  30  c.c.  retained  in  the  blood),  while  in  nephrec- 
tomized  animals  in  which  800  c.c.  were  infused,  we  can  by  adding 
ascites  intestinal  fluid,  gastric  fluid  pleural  fluid  and  fluid  retained 
in  the  blood  account  for  only  330  c.c.  (90  c.c.  ascites,  80  c.c.  intes¬ 
tinal  fluid,  100  c.c.  gastric  fluid,  30  c.c.  hydrothorax  and  30  c.c. 
retained  in  the  blood).  Thus  in  non-nephrectomized  animals  about 
240  c.c.  of  fluid  must  have  been  retained  in  the  various  tissues  of 
the  body,  while  in  nephrectomized  470  c.c.  must  have  been  retained. 
Yet  only  in  a  few  cases  was  subcutaneous  edema  noted  and  then 
only  in  the  neighborhood  of  the  abdominal  incision  where  the  tis¬ 
sues  had  been  injured  during  the  operation.  Rarely  some  edema 
of  the  ears  was  noted.  Usually  the  retroperitoneal  tissue  and  the 
mesentery  and  omentum  were  swollen  and  edematous  but  elsewhere 
there  was  little  or  no  evidence  of  edema.  Thus  a  very  large  quan¬ 
tity  of  fluid  must  have  been  taken  up  by  other  organs,  and  accord¬ 
ing  to  the  investigations  of  Engels  (12)  the  largest  part  has  been 
retained  by  the  muscles. 

SUMMARY. 

I.  As  a  result  of  the  intravenous  infusion  of  a  solution  of  sodium 
chloride  a  characteristic  curve  indicating  the  fluid  retained  in  the 

*  In  a  large  number  of  our  experiments  we  measured  the  gastric  fluid  in 
animals  infused  with  various  fluids,  but  found  such  great  variation  in  amount 
(40  to  120  c.c.)  without  regard  to  the  fluid  infused  or  condition  of  the  animal, 
that  we  have  ignored  this  factor  in  our  earlier  communications.  The  average, 
however,  was  about  100  c.c.  per  800  c.c.  of  infused  fluid.  Our  calculation  of  the 
amount  of  fluid  retained  in  the  blood  vessels  is  based  on  the  fact  that  we  find  an 
average  reduction  of  hemoglobin  of  33  per  cent,  after  an  infusion  of  800  c.c. 
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vascular  system  is  obtained.  In  the  first  period  of  the  infusion 
the  maximum  of  retention  of  fluid  is  noted.  Then  more  fluid  is 
removed  from  the  blood  vessels,  so  that  for  a  short  time  a  fall  in 
the  curve  of  dilution  takes  place,  after  which  the  dilution  again 
slowly  increases. 

2.  This  curve  is  not  materially  changed  by  the  addition  of  calcium 
chloride  or  of  adrenalin  to  the  infused  solution,  and  under  such  con¬ 
ditions  adrenalin  does  not  lead  to  an  increased  pressing  out  of  fluid 
from  the  vascular  system,  although  is  causes  a  constant  and  decided 
rise  in  blood  pressure.  Myocarditic  lesions  lead  to  an  increased 
intravascular  retention  of  fluid.  Nephrectomy  does  not  lead  to  an 
increased  intravascular  retention  of  fluid,  but  probably  causes  a 
diminution  of  the  amount  of  fluid  retained  in  the  blood  vessels. 

Protocols. 

TABLE  I. 

Reduction  of  Hemoglobin  in  Nephrectomised  Animals  Infused  ■with  0.85  per 

cent.  Solution. 


Inflow. 

Sum  of  ascites  and 
intestinal  fluid. 

Ascites. 

600  c.c. 

Reduction  of  hemoglobin  at 

700  c.c.  800  c.c. 

600  c.c. 

no 

80 

35% 

600  c.c. 

95 

60 

25% 

600  c.c. 

no 

77 

40% 

600  c.c. 

130 

74 

29% 

600  c.c. 

140 

71 

25% 

600  c.c. 

no 

64 

26% 

600  c.c. 

85 

31 

28% 

700  c.c. 

120 

55 

37% 

700  c.c. 

160 

88 

25% 

800  c.c. 

115 

75 

38% 

800  c.c. 

170 

90 

20% 

800  c.c. 

210 

150 

25% 

800  c.c. 

150 

75 

27% 

800  c.c. 

220 

155 

.33% 

800  c.c. 

240 

135 

27% 

800  c.c. 

170 

138 

31% 
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TABLE  II. 

Reduction  of  Hemoglobin  in  Nephrectomized  Animals  Injected  with  Solution  of 

Sodium  Chloride. 


Sum  of  ascites 


Inflow. 

and  intestinal  Ascites, 
fluid. 

XOO  C.C. 

600  C.C. 

80 

40 

29% 

700  C.C. 

no 

40 

32% 

800  C.C. 

no 

SO 

31% 

800  C.C. 

180 

80 

24% 

Average 

29% 

Reduction  of  hemoglobin  at 


200  C  C. 

300  C  C. 

400  C.C. 

600  C.C, 

24% 

17% 

32% 

33% 

21% 

11% 

21% 

28% 

34% 

20% 

20% 

28% 

31% 

8% 

27% 

19% 

28% 

14% 

25% 

27% 

TABLE  III. 

Reduction  in  Hemoglobin  in  N on-ncphrectomized  Animals  Infused  with  Solution 
of  Sodium  Chloride. 


Sum  of  ascites 


Inflow. 

and  intestinal  Ascites, 
fluid. 

100  C.C. 

320  C.C. 

90 

20 

40% 

800  C.C. 

290 

100 

32% 

800  C.C. 

342 

22 

20% 

800  C.C. 

415 

50 

40% 

Average 

33% 

Reduction  of  hemoglobin  at 


200  C.C. 

300  C.C. 

400  C.C. 

600  C.C. 

750  C.C. 

28% 

21% 

19% 

21% 

27% 

35% 

31% 

25% 

39% 

46% 

44% 

25% 

32% 

32% 

35% 

31% 

25% 

25% 

33% 

38% 

38% 

TABLE  IV. 

Reduction  of  Hemoglobin  in  N on-nephrectomized  Animals  Infused  with 
Mixtures  of  Sodium  Chloride  and  Calcium  Chloride. 


Sum  of  ascites 


Inflow. 

and  intestinal  Ascites, 
fluid. 

XOO  C.C. 

240  C.C. 

70 

10 

12% 

460  C.C. 

140 

50 

30% 

800  C.C. 

160 

95 

13% 

600  C.C. 

190 

90  ' 

Average 

23% 

19% 

Reduction  of  hemoglobin  at 


200  C.C. 

300  C.C. 

400  C  c. 

600  C.C. 

700  C.C. 

27% 

42% 

32% 

27% 

17% 

24% 

10% 

19% 

31% 

26% 

16% 

13% 

36% 

26% 

24% 

17% 

27% 

31% 
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Reduction  of  Hemoglobin  in  N on-nephrectomised  Animals  Infused  zvith 
Solution  of  Sodium  Chloride  plus  Adrenalin. 


Inflow. 

Sum  of  ascites  and 
intestinal  fluid. 

Ascites. 

600  C.C. 

Reduction  of  hemoglobin  at 

700  C.C.  800  C.C. 

600  C.C. 

395 

12 

39% 

600  C.C. 

260 

55 

41% 

600  C.C. 

500 

17 

25% 

600  C.C. 

548 

10 

31% 

700  C.C. 

310 

8 

39% 

700  C.C. 

560 

17 

18% 

800  C.C. 

260 

35 

44% 

800  C.C. 

330 

15 

27% 

800  C.C. 

490 

28 

20% 

TABLE 

VI. 

Reduction  of 

Hemoglobin  in 

Nephrectom 

ized  Animals  Infused 

zmth  Solut'on 

of  Sodium  Chloride 

plus  Adrenalin. 

Inflow. 

Sum  of  ascites  and 
intestinal  fluid. 

Ascites. 

600  C.C. 

Reduction  of  hemoglobin  at 

700  C.C.  800  C.C. 

600  C.C. 

II5 

73 

20% 

600  C.C. 

II5 

75 

17% 

600  C.C. 

85 

59 

34% 

700  C.C. 

200 

100 

33% 

700  C.C. 

125 

92 

37% 

700  C.C. 

163 

105 

29% 

800  C.C. 

125 

98 

43% 

800  C.C. 

160 

100 

19% 

800  C.C. 

230 

137 

32% 

TABLE 

VII. 

Reduction  of  Hemoglobin  in 

Nephrectomized  Animals  Infused 

ztnth  Mixtures 

of  Sodium  Chloride 

and  Calcium  Chloride  plus  Adrenalin. 

Inflow. 

Sum  of  ascites  and 
intestinal  fluid. 

Ascites. 

200  C.C. 

Reduction  of  hemoglobin  at 

400  C.C.  600  c.c« 

530  C.C. 

85 

65 

32% 

16% 

800  C.C. 

no 

90 

20% 

13% 

28% 

730  C.C. 

150 

115 

40% 

23% 

24% 

350  C.C. 

180 

90 

36% 

23% 

Average 

32% 

20% 

25% 
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TABLE  VIII. 

Reduction  of  Hemoglobin  in  Infused  Nephrectomized  Animals  with  Gross 
Myocarditic  Lesions. 


Inflow. 

Sum  of  ascites  and 
intestinal  fluid. 

Ascites. 

200  C.C. 

Reduction  of  hemoglobin  at 

400  c.c.  600  c.c. 

650  c.c. 

100 

70 

31% 

22% 

22% 

800C.C. 

no 

70 

50% 

18% 

20% 

800  c.c. 

no 

45 

23% 

37% 

27% 

600  c.c. 

160 

80 

50% 

43% 

60% 

800C.C. 

180 

85 

31% 

22% 

44% 

800  C.C. 

200 

8s 

55% 

20% 

22% 

Average 

46% 

27% 

32% 

TABLE  IX. 

Reduction  of  Hemoglobin  in  N on-nephrectomized  Animals  with  Gross 
Myocarditic  Lesions. 


Inflow. 

Sum  of  ascites 
and  intestinal  Ascites, 
fluid. 

200  C.C. 

Reduction  of  hemoglobin  at 

300  c.c.  400  c.c.  600  c.c. 

800  c.c. 

800  c.c. 

190  60 

23% 

37% 

28% 

28% 

39% 

800  c.c. 

200  20 

40% 

54% 

49% 

34% 

38% 

Average 

31% 

45% 

39% 

31% 

39% 

TABLE 

X. 

Reduction  of  Hemoglobin  in  Nephrectomized  Animals  Showing  no  Gross  Heart 

Lesions. 


Inflow. 

Sum  of  ascites  and 

Ascites. 

Reduction  of  hemoglobin  at 

intestinal  fluid. 

200  C.C. 

400  C.C. 

600  C.C. 

430  C.C. 

70 

35 

35% 

35% 

800  c.c. 

100 

30 

27% 

32% 

32% 

800  c.c. 

100 

40 

41% 

14% 

21% 

800  c.c. 

IIS 

80 

30% 

23% 

Average 

33% 

26% 

26% 
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STUDIES  IN  EDEMA. 


V.  The  Effect  of  Calcium  Chloride^  Adrenalin  and  Myo- 
CARDiTic  Lesions  upon  the  Blood  Pressure  in  Ani¬ 
mals  Injected  Intravenously  with  Sodium 
Chloride  Solution.^ 

By  MOYER  S.  FLEISHER  and  LEO  LOEB. 

{From  the  Laboratory  of  Experimental  Pathology  of  the  University  of 

Pennsylvania.) 

It  has  been  shown  that  the  condition  of  the  blood  pressure  is  one 
of  the  factors  that  determine  the  secretion  of  urine  and  that  a 
marked  fall  in  blood  pressure  is  usually  associated  with  decreased 
elimination  of  urine.  The  action  of  calcium  chloride  in  markedly 
diminishing  the  secretion  of  urine  has  been  attributed  by  Porges 
and  Pribram  (i)  to  the  fall  of  blood  pressure  which  follows  the 
intravenous  injection  of  calcium  chloride  solutions.  They  have 
shown  that  the  infusion  of  calcium  chloride  in  a  quantity  sufficient 
to  diminish  the  amount  of  urine  is  always  associated  with  a  fall  of 
blood  pressure,  whereas  the  secretion  of  urine  is  not  affected  when 
calcium  chloride  is  infused  in  smaller  quantities  which  are  insuffi¬ 
cient  to  affect  the  blood  pressure.  The  rise  in  blood  pressure 
caused  by  adrenalin  has  been  considered  by  Houghton  and  Mer¬ 
rill  (2)  and  Pick  and  Pineles  (3)  to  account,  at  least  in  part,  for 
the  diuresis  produced  by  this  substance. 

In  the  following  experiments  it  was  our  intention  to  determine 
the  role  played  by  the  blood  pressure  in  the  production  of  urine, 
peritoneal  transudate  and  intestinal  fluid  under  the  conditions  of 
our  previously  published  experiments  (Studies  in  Edema  (4)  (5) 
(6).  In  order  to  determine  this  point  we  studied  the  blood  pres¬ 
sure  of  rabbits  infused  with  0.85  per  cent,  sodium  chloride  solution 
and  with  mixtures  of  one  part  of  1.22  per  cent,  calcium  chloride 

^Received  for  publication  May  24,  1909. 

641 


642 


Studies  in  Edema. 


solution  and  four  parts  of  0.85  per  cent,  sodium  chloride  solu¬ 
tion  with  and  without  the  addition  of  adrenalin,  and  of  rabbits  in 
which  a  myocarditic  lesion  had  been  produced  experimentally. 
The  carotid  artery  which  was  connected  with  a  mercury  manom¬ 
eter  was  used  for  measuring  the  blood  pressure.  The  technique, 
in  regard  to  infusion,  etc.,  was  the  same  as  that  described  in  our 
first  communication. 

ANIMALS  INFUSED  WITH  SODIUM  CHLORIDE  SOLUTIONS. 

Cohnheim  and  Lichtheim  (7)  who  infused  large  quantities  of 
hypotonic  salt  solution  intermittently  into  rabbits,  found  no  perma¬ 
nent  rise  of  blood  pressure,  although  during  the  time  of  infusion 
there  was  a  slight  rise  of  pressure  followed  by  a  quick  return  to 
the  normal.  Our  experiments  were  on  the  whole  in  full  agreement 
with  these;  after  from  20  to  50  c.c.  of  normal  salt  solution  had 
been  infused,  there  was  a  slight  rise  of  blood  pressure  of  from  8 
to  20  mm.  of  mercury.  Very  soon  after  this  maximum  had  been 
reached  the  blood  pressure  began  to  fall  and  at  the  time  when  from 
200  to  300  c.c.  of  fluid  had  flowed  in  had  again  reached  its  original 
height  or  remained  slightly  above  it.  From  this  time  on  the  pres¬ 
sure  continued  at  approximately  the  same  level  until  from  700  to 
800  c.c.  had  been  infused  when  the  experiment  was  interrupted. 
Usually  the  diuresis  did  not  become  marked  until  300  to  400  c.c.  of 
fluid  had  been  infused ;  the  early  rise  of  blood  pressure  above  noted 
is  therefore  not  accompanied  by  an  increase  in  diuresis. 

The  chart  below  shows  the  relation  of  the  blood  pressure  to  the 
secretion  of  urine  when  various  amounts  of  sodium  chloride  solu¬ 
tion  had  been  infused. 

ANIMALS  INFUSED  WITH  MIXTURES  OF  SODIUM  CHLORIDE  AND 
CALCIUM  CHLORIDE. 

When  mixtures  of  sodium  chloride  and  calcium  chloride  were 
infused  there  was  in  the  early  period  of  the  experiment  quite 
a  marked  rise  of  blood  pressure  until  approximately  from  150 
to  200  c.c.  of  fluid  had  been  infused  when  the  blood  pres¬ 
sure  began  to  fall  rather  rapidly.  One  typical  curve  showed 
after  400  c.c.  had  been  infused  a  fall  of  blood  pressure  to  a 
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level  considerably  below  the  original  pressure.  During  the  in¬ 
fusion  of  70  c.c.  more  the  blood  pressure  fell  quite  sharply  and 
this  fall  was  followed  by  the  death  of  the  animal.  The  flow  of 
urine  reached  its  maximum  after  about  200  c.c.  had  been  infused, 
and  continued  at  approximately  the  same  rate  until  300  c.c.  had 
flowed  in ;  then  simultaneously  with  the  rapid  fall  in  blood  pressure 
almost  total  anuria  developed  so  that  during  the  inflow  of  the  last 


200  c.c.  4CK)C.C.  600  c.c. 


Chart  I.  Influence  of  infusion  of  sodium  chloride  solution  upon  blood  pres¬ 
sure  and  urine.  B  represents  blood  pressure;  U,  urine.  Numbers  on  abscissa 
represent  amount  of  solution  infused.  Solid  line  denotes  blood  pressure;  broken 
line  denotes  urine. 

150  c.c.  little  or  no  urine  was  secreted.  The  amount  of  urine 
secreted  under  the  influence  of  calcium  chloride  remains  therefore 
low  during  the  whole  period,  but  rises  to  its  maximum  when  200 
or  300  c.c.  have  been  infused,  this  maximum  is  diuresis  correspond¬ 
ing  to  the  preceding  rise  in  blood  pressure.  But  even  at  this  period 
the  diuresis  is  relatively  slight,  especially  if  we  take  into  considera¬ 
tion  the  height  of  the  blood  pressure  in  the  preceding  period.  We 
notice  even  during  the  period  of  the  rise  of  the  blood  pressure  a 
depressing  effect  of  calcium  chloride  as  far  as  diuresis  is  concerned. 
With  the  fall  in  blood  pressure  below  the  original  level  the  secre¬ 
tion  of  urine  ceases  quite  suddenly ;  that  this  is  clue  not  only  to  the 
fall  of  blood  pressure  but  also  to  a  direct  action  of  calcium  chlo¬ 
ride  upon  the  kidney  will  be  shown  below. 
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Chart  II.  Influence  of  infusion  of  mixtures  of  sodium  chloride  and  calcium 
chloride  upon  blood  pressure  and  urine. 


ANIMALS  INFUSED  WITH  SOLUTIONS  TO  WHICH  ADRENALIN  HAS 

BEEN  ADDED. 

The  addition  of  adrenalin  in  the  proportion  of  1.5  c.c.  of  a 
I  to  1000  solution  of  adrenalin  to  1,000  c.c.  of  the  sodium  chloride 
solution  caused  an  increase  in  the  blood  pressure  which  was  already 
noticeable  after  50  c.c.  of  fluid  had  been  infused  and  was  main¬ 
tained  until  from  400  to  500  c.c.  had  flowed  in,  when  the  pressure 
again  became  approximately  normal.  From  this  time  until  the  end 
of  the  experiment  a  constant  level  was  maintained.  Kretschmer 
(8)  found  that  infusion  of  solutions  of  adrenalin  in  a  dilution  of 
I  to  100,000  caused  a  rise  of  blood  pressure  amounting  to  from 
30  to  45  mm.  of  mercury  and  that  this  rise  continued  during  the 
entire  time  of  infusion.  He  therefore  made  use  of  a  solution 
much  stronger  than  ours,  the  latter  having  approximately  a  strength 
of  I  to  600,000;  furthermore,  Kretschmer  did  not,  as  a  rule,  con¬ 
tinue  the  infusion  over  as  long  a  period  as  we  did.  These  differ¬ 
ences  may  account  for  the  fact  that  he  did  not  notice  a  return  of  the 
blood  pressure  to  the  original  level  at  any  time  during  the  infusion. 

In  our  experiments  in  which  sodium  chloride  solution  plus  adrena¬ 
lin  was  infused  the  diuresis  began  after  an  inflow  of  from  100  to 
200  c.c.  The  addition  of  adrenalin  hastened,  therefore,  the  begin¬ 
ning  of  diuresis,  and  we  notice  a  parallelism  between  the  rise  of 
blood  pressure  caused  by  the  addition  of  adrenalin  and  the  diuresis. 
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the  diuresis  becoming  more  marked  at  a  time  when  under  the  influ¬ 
ence  of  adrenalin  the  blood  pressure  had  reached  its  maximum. 
The  secretion  of  urine  reached  its  maximum  after  300  c.c.  to  400 
c.c.  had  been  infused  and  continued  at  about  the  same  rate  until  the 
end  of  the  experiment. 


200  c.c.  400  c.c.  600  c.c. 

Chart  III.  Influence  of  infusion  of  sodium  chloride  solution  plus  adrenalin 
upon  blood  pressure  and  urine. 

If  adrenalin  is  added  to  mixtures  of  sodium  chloride  and  calcium 
chloride  the  blood  pressure  in  the  beginning  is  raised  slightly  higher 
than  when  adrenalin  is  added  to  a  sodium  chloride  solution.  The 
pressure  is  maintained  at  this  high  level  until  approximately  300 
c.c.  have  flowed  in;  in  the  case  of  sodium  chloride  and  calcium 
chloride  mixtures  the  high  pressure  continues  until  600  c.c.  have 
been  infused  and  thus  the  pressure  remains  higher  with  mix¬ 
tures  of  sodium  chloride  and  calcium  chloride  than  with  a ‘sodium 
chloride  solution,  in  the  cases  of  the  latter  a  fall  of  pressure  to  the 
normal  taking  place  during  the  later  period.  After  600  c.c.  of  the 
mixture  of  sodium  chloride  and  calcium  chloride  have  flowed  in  a 
rapid  fall  in  blood  pressure  takes  place,  this  fall  becoming  still  more 
abrupt  after  700  c.c.  of  inflow  and  the  fall  continues  until  the 
animal  dies.  On  the  other  hand  when  sodium  chloride  solution  with 
adrenalin  is  infused  the  pressure  continues  at  about  the  normal 
level  during  the  corresponding  period. 

We  find  therefore  a  summation  of  the  blood  pressure  raising 
properties  of  calcium  chloride  and  of  adrenalin,  the  effect  of  which 
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is  maintained  almost  until  the  conclusion  of  the  experiment,  but 
ultimately  the  calcium  chloride,  probably  through  weakening  the 
action  of  the  heart,  causes  the  fall  in  blood  pressure  which  the 
adrenalin  cannot  prevent.  In  spite  of  the  marked  rise  in  pressure 
which  is  being  maintained  over  a  considerable  length  of  time  the 
quantity  of  urine  is  constantly  small  during  the  whole  experiment 
and  falls  to  nil  with  the  terminal  fall  of  blood  pressure. 


Chart  IV.  Influence  of  infusion  of  mixtures  of  sodium  chloride  and  cal¬ 
cium  chloride  plus  adrenalin  upon  blood  pressure  and  urine. 

ANIMALS  WITH  MYOCARDITIC  LESIONS. 

In  rabbits  with  myocarditic  lesions  infused  with  sodium  chloride 
solutions  the  blood  pressure  may  be  raised  very  slightly  above  its 
normal  level  in  the  beginning  of  the  infusion  until  about  300  or 
400  c.c.  have  flowed  in.  If  there  was  a  very  marked  myocarditic 
lesion  present  the  blood  pressure  was  never  raised  above  its  normal 
level  during  the  infusion,  but  a  continuous  although  very  slight  fall 
was  noticeable,  until  300  c.c.  of  fluid  had  been  infused.  Between 
300  and  400  c.c.  the  fall  was  somewhat  more  marked  and  from 
400  c.c.  to  almost  600  c.c.  of  the  inflow  there  was  a  slight  lowering 
of  pressure  followed  by  a  sharp  decline  and  the  death  of  the  animal. 
In  experiments  in  which  the  lesion  was  not  so  extensive  the  fall  of 
pressure  was  delayed  until  from  500  to  600  c.c.  had  been  infused. 
We  see,  therefore,  that  in  these  experiments  there  is  a  much  more 
gradual  fall  of  blood  pressure  than  in  cases  in  which  calcium  chlo¬ 
ride  had  been  added  to  the  sodium  chloride  solution. 
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In  animals  with  myocarditic  lesions  the  secretion  of  urine  was 
very  slight  at  all  times ;  it  increased  very  slightly  until  the  period  of 
the  abrupt  fall  in  blood  pressure,  when  the  animal  died.  It  must 
be  borne  in  mind  that  the  total  amount  of  urine  secreted  by  animals 
with  myocarditic  lesions  was  extremely  small. 


Chart  V.  Influence  of  myocarditic  lesions  upon  blood  pressure  and  urine. 

THE  RELATION  BETWEEN  BLOOD  PRESSURE  AND  DIURESIS. 

The  influence  of  blood  pressure  on  the  secretion  of  urine  is  notice¬ 
able  in  the  following  experiments.  In  animals  with  myocarditic 
lesions  there  is  a  constant  gradual  fall  in  blood  pressure;  corres¬ 
pondingly  we  And  the  secretion  of  urine  to  be  insigniflcant  but  to 
rise  slightly  with  the  increased  amount  of  fluid  infused. 

In  the  experiments  in  which  mixtures  of  sodium  chloride  and 
calcium  chloride  were  infused  we  found  in  the  period  between  200 
and  300  c.c.  of  inflow  a  fair  degree  of  diuresis  following  immedi¬ 
ately  upon  a  time  when  the  blood  pressure  had  been  raised  con¬ 
siderably.  The  sudden  cessation  of  urine  after  300  c.c.  of  fluid  had 
been  infused  corresponds  to  the  fall  of  blood  pressure  at  this  period, 
but  is  in  all  probability  also  influenced  by  a  direct  action  of  calcium 
chloride  upon  the  secretory  function  of  the  kidney  cells.  That  the 
lowering  of  the  blood  pressure  in  itself  is  not  sufficient  to  explain 
the  decreased  diuresis  becomes  clear  by  comparing  the  pressure  in 
animals  infused  with  mixtures  of  sodium  chloride  and  calcium 
chloride  (Experiment  III)  with  the  blood  pressure  in  an  animal 
with  myocarditic  lesions  (Experiment  VI)  at  the  same  period. 
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Although  in  the  latter  the  blood  pressure  is  considerably  lower  at 
this  stage  of  the  infusion  urine  is  still  secreted,  while  in  the  animal 
infused  with  a  mixture  of  sodium  chloride  and  calcium  chloride 
notwithstanding  the  somewhat  higher  blood  pressure,  the  flow  of 
urine  entirely  ceases. 

A  relation  between  the  increase  in  blood  pressure  and  the  increase 
in  diuresis  is  also  found  in  the  experiments  in  which  adrenalin  is 
added  to  the  solutions  of  sodium  chloride.  Here,  simultaneously 
with  the  increased  blood  pressure,  the  diuresis  is  much  increased 
over  that  noted  in  animals  infused  with  sodium  chloride  solutions. 
Very  interesting  is  the  diuresis  curve  in  animals  infused  with  mix¬ 
tures  of  sodium  chloride  and  calcium  chloride  to  which  adrenalin 
has  been  added.  In  this  case  the  blood  pressure  remains  high  until 
about  700  c.c.  of  fluid  have  flowed  in  and  on  the  whole  the  pressure 
is  higher  than  in  experiments  with  pure  sodium  chloride  solutions 
or  sodium  chloride  solutions  plus  adrenalin.  While  in  the  two 
latter  cases  the  diuresis  is  marked,  and  although  in  the  former  ex¬ 
periment  the  addition  of  adrenalin  can  for  some  time  prevent  the 
fall  in  blood  pressure  caused  by  calcium  chloride,  the  depressing 
effect  of  calcium  chloride  on  diuresis  is  not  counteracted  by  adren¬ 
alin.  In  spite  of  the  heightened  blood  pressure  the  secretion  of 
urine  remains  constantly  very  low  in  animals  infused  with  mixtures 
of  sodium  chloride  and  calcium  chloride  to  which  adrenalin  has  been 
added.  These  results  seem  to  us  to  prove  conclusively  that  calcium 
chloride  does  not  diminish  diuresis  through  its  depressing  action  on 
the  blood  pressure  but  that  it  diminishes  diuresis  in  some  other  way, 
independently  of  its  action  on  blood  pressure.  This  action  of 
calcium  chloride  in  diminishing  the  secretion  of  urine  depends  in  all 
probability  upon  its  direct  action  upon  the  secretory  cells  of  the 
kidney.  In  the  light  of  our  results  therefore  the  interpretation 
given  originally  by  J.  B.  MacCallum  (9)  seems  to  be  the  most  prob¬ 
able  explanation  for  the  action  of  calcium  chloride. 

INFLUENCE  OF  BLOOD  PRESSURE  ON  THE  PERITONEAL  TRANSUDATE. 

We  found  that  myocarditic  lesions  which  decreased  the  blood 
pressure  did  not  materially  influence  the  peritoneal  transudate,  which 
remained  approximately  the  same  as  in  normal  animals  infused  with 
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sodium  chloride  solutions.  That  this  similarity  between  the 
amounts  of  peritoneal  transudate  in  animals  with  myocarditic 
lesions  and  in  normal  animals  is  not  due  to  a  compensatory  increase 
of  elimination  of  fluid  into  the  peritoneal  cavity  as  a  result  of  the 
decrease  of  urine,  is  shown  by  the  fact  that  the  same  similarity  in 
the  quantities  of  the  peritoneal  transudate  exists  also  in  nephrecto- 
mized  animals  of  these  two  series. 

On  the  other  hand,  calcium  chloride  which  decreases  the  blood 
pressure  in  the  latter  half  of  the  infusion  increases  the  peritoneal 
transudate.  This  increase  cannot  be  due  to  a  rise  in  blood  pressure, 
but  we  must  assume  that  calcium  chloride  causes  an  increase  of 
peritonea]  transudate  either  by  a  direct  action  on  the  endothelial  cells 
of  the  peritoneum  or  by  diminishing  the  absorption  of  water  by 
other  tissues. 

Adrenalin,  which  causes  an  increase  in  blood  pressure,  also  in¬ 
creases  the  peritoneal  transudate.  Whether  this  increase  is  due  to 
the  blood  pressure  raising  action  or  some  other  action  of  adrenalin 
we  cannot  as  yet  determine. 

We  therefore  can  state  that  there  does  not  exist  a  direct  relation 
between  the  lowering  of  the  blood  pressure  and  peritoneal  transuda¬ 
tion  as  shown  by  the  results  of  our  experiments  on  animals  with 
myocarditic  lesions  and  with  calcium  chloride  infusion.  We  can¬ 
not,  however,  at  present  exclude  the  possibility  that  a  rise  of  blood 
pressure  may  lead  to  an  increased  transudation  into  the  peritoneal 
cavity. 

INFLUENCE  OF  BLOOD  PRESSURE  ON  THE  INTESTINAL  FLUID. 

No  relation  whatever  can  be  found  between  the  blood  pressure  and 
intestinal  fluid.  Myocarditic  lesions  which  diminish  the  blood 
pressure  leave  the  intestinal  fluid  practically  unchanged.  Adrenalin 
which  raises  the  blood  pressure  certainly  does  not  increase  but  rather 
diminishes  it,  and  if  calcium  chloride  diminishes  the  intestinal  fluid, 
it  does  so  evidently  not  by  lowering  the  blood  pressure,  but  in  all 
probability  through  a  direct  action  on  the  epithelial  cells  of  the 
intestinal  mucosa,  an  influence  very  similar  to  that  exerted  upon  the 
renal  cells. 
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INFLUENCE  OF  BLOOD  PRESSURE  ON  THE  DILUTION  OF  BLOOD. 

In  myocarditic  lesions,  although  the  fall  of  blood  pressure  does 
not  influence  the  intestinal  fluid  or  peritoneal  transudate,  we  have 
shown^  that  there  is  noticeable  an  increased  retention  of  fluid  in  the 
blood  vessels  which  is,  however,  not  very  marked.  This  increase  in 
the  retention  of  fluid  is  probably  due  to  the  weakening  of  the  heart 
action  and  to  the  lowering  of  the  blood  pressure. 

In  spite  of  the  fall  of  pressure  such  an  increased  retention  of 
fluid  was,  however,  not  noticeable  in  experiments  in  which  calcium 
chloride  was  infused.  In  this  case  we  must  take  into  consideration 
the  fact  that  in  the  early  part  of  the  experiment  there  is  a  rise  of 
blood  pressure  and  only  in  the  later  stages  does  the  fall  become 
marked. 

On  the  other  hand,  we  do  not  find  that  adrenalin,  which  in  our 
experiments  caused  quite  a  decided  rise  in  blood  pressure,  was  ac¬ 
companied  by  a  noticeable  decrease  of  the  fluid  retained  in  the  blood 
vessels.  This  result  seems  to  be  contradictory  to  the  findings  of 
Hess  (lo)  and  Erb  (ii),  but  we  must  consider  that  the  conditions 
in  the  two  sets  of  experiments  are  not  directly  comparable ;  both  of 
these  investigators  injected  large  quantities  of  adrenalin  into  the 
circulation  during  a  relatively  short  period,  while  in  our  experiments 
there  was  a  constant  inflow  of  a  small  quantity  of  adrenalin,  which, 
however,  was  sufficient  to  cause  a  decided  rise  in  blood  pressure. 

It  seems,  therefore,  that  increased  blood  pressure  and  filtration 
are  of  little  importance  in  regulating  the  amount  of  fluid  retained  in 
the  vascular  system. 

SUMMARY. 

1.  Direct  measurements  of  the  blood  pressure  carried  out  during 
the  intravenous  infusion  of  various  solutions  into  rabbits  show  that 
although  a  relation  between  the  height  of  blood  pressure  and  secre¬ 
tion  of  urine  may  be  noted,  a  direct  relation  does  not  exist  between 
blood  pressure  and  peritoneal  transudate  and  intestinal  fluid. 

2.  Calcium  chloride  does  not  increase  the  peritoneal  transudate 
by  a  rise  of  blood  pressure,  nor  does  it  decrease  the  intestinal  fluid 
by  a  fall  of  blood  pressure,  since  no  such  increase  of  peritoneal  fluid 
nor  decrease  of  intestinal  fluid  is  noticeable  in  animals  with  myo¬ 
carditic  lesions  which  are  infused  with  solutions  of  sodium  chloride. 

“  See  the  preceding  communication  “  Studies  in  Edema,  TV.” 
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3.  It  can  be  proved  that  calcium  chloride  does  not  diminish  the 
amount  of  urine  as  a  result  of  its  depressing  action  on  the  blood 
pressure.  Our  experiments  make  it  probable  that  calcium  chloride 


decreases  the  diuresis  by  a  direct  action  on 

the  renal  epithelium. 

E.xperiment  I. 

Rabbit,  Wt.  1,900  g. 

Infused  unth  Mixture  of  Sodium  Chloride  and  Calcium 

Chloride. 

Amount  Infused, 

Blood  Pressure. 

Urine. 

c.c. 

mm. 

c.c. 

00 

120 

100 

r 

00 

200 

124 

35 

300 

116 

55 

340 

100 

380 

55 

25  in  bladder 

Death 

IIS  (total  amount) 

Experiment  II. 

Rabbit,  Wt.  2,100  g. 

Infused  with  Mixture  of  Sodium  Chloride  and  Calcium 

Chloride. 

Amount  Infused. 

Blood  Pressure. 

Urine. 

c.c. 

mm. 

c.c. 

0 

102 

20 

II6 

100 

120 

15 

200 

94 

35 

300 

88 

35 

400 

74 

450 

44 

470 

20 

Death 

85  (total  amount) 

Experiment  III. 

Rabbit,  Wt.  2,000  g. 

Infused  with  Mi.vture  of  Sodium  Chloride  and  Calcium 

Chloride. 

Amount  infused. 

Blood  pressure. 

Urine. 

c.c. 

mm. 

c.c. 

0 

104 

50 

I16 

100 

II4 

150 

108 

200 

104 

27 

250 

96 

300 

86 

28 

350 

66 

400 

50 

25 

430 

30 

Dead 

80  (total  amount) 

80  (total  amount) 
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Amount  infused. 

Experiment  IV. 

Rabbit,  Wt.  2,100  g. 

Blood  pressure. 

Urine. 

c.c. 

lum. 

c.c. 

O 

94 

so 

90 

100 

90 

8 

150 

90 

200 

100 

16 

300 

90 

24 

400 

90 

24 

500 

84 

80 

600 

88 

80 

700 

92 

60 

Infusion  stopped 

292  (total  amount) 

Experiment  V. 

Rabbit,  Wt.  2,200  g.  Infused  with  Solution  of  Sodium  Chloride. 

Amount  infused. 

Blood  pressure. 

Urine. 

c.c 

mm. 

c.c. 

0 

108 

50 

no 

100 

104 

20 

200 

100 

20 

300 

92 

40 

400 

Clot 

60 

500 

94 

60 

600 

94 

60 

700 

100 

45 

750 

no 

20 

Infusion  stopped 

325  (total  amount) 

Rabbit,  IVt.  1,900  g. 

Experiment  VI. 

Marked  Myocarditic  Lesion; 

Infused  with  Solution 

Amount  infused. 

Sodium  Chloride. 

Blood  pressure. 

Urine. 

c  c 

mm. 

c.c. 

0 

86 

20 

84 

100 

82 

200 

80 

4 

300 

74 

5 

350 

60 

400 

SO 

5 

500 

46 

5 

570 

42 

590 

32 

6  in  bladder 

Dead 

25  (total  amount) 
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Experiment  VII. 

Rabbit,  Wt.  2,000  g.  Fairly  Marked  Myocarditic  Lesion.  Infused  with  Solution 
of  Sodium  Chloride. 


Amount  infused. 

Blood  pressure. 

Urine. 

c.c. 

mm. 

c.c. 

0 

90 

100 

92 

200 

96 

3 

300 

94 

5 

400 

92 

7 

500 

84 

5 

600 

84  ^ 

5 

700 

76 

3 

800 

64 

3  in  bladder 

Infusion  stopped 

31  (total  amount) 

Experiment  VIII. 

Rabbit,  IVt.  i,goo  g.  Slight  Myocarditic  Lesion.  Infused  with  Solution  of 

Sodium  Chloride. 

Amount  infused.  Blood  pressure.  Urine, 

c.c.  mm.  c.c. 

o  98 

50  102 

100  100 

200  104  10 

300  100  25 

400  96  45 

500  86  50 

550  86 

600  86  20 

650  82 

660  72 

670  60  5 

680  50 

690  42 

Dead  155  (total  amount) 

Experiment  IX. 

Rabbit,  IVt.  2,200  g.  Infused  with  Solution  of  Sodium  Chloride  plus  Adrenalin. 


Amount  infused. 

Blood  pressure. 

Urine. 

c.c. 

mm. 

c.c. 

0 

96 

20 

no 

100 

104 

5 

200 

106 

60 

300 

104 

65 

400 

100 

100 

500 

96 

115 

600 

96 

100 

700 

96 

100 

750 

96 

50 

Infusion  stopped  595  (total  amount) 
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Experiment  X. 

Rabbit,  Wt.  2,000  g.  Infused  with  Solution  of  Sodium  Chloride  plus  Adrenalin. 


Amount  infused. 

Blood  pressure. 

Urine. 

c.c. 

mm. 

c.c. 

0 

99 

so 

120 

100 

120 

10 

200 

1 14 

60 

300 

1 14 

8s 

400 

104 

95 

500 

94 

90 

600 

96 

90 

700 

98 

85 

750 

98 

Experiment  XI. 

50 

56s 

IVt.  1,900  g. 

Infused  with  Mixture  of  Sodium  Ch 
Chloride  plus  Adrenalin. 

Amount  infused. 

Blood  pressure. 

Urine. 

c.c. 

mm. 

c.c. 

0 

92 

100 

104 

10 

200 

1 14 

IS 

300 

1 14 

25 

400 

112 

10 

500 

no 

10 

600 

104 

10 

700 

80 

10 

730 

46 

Dead 

Experiment  XII. 

90 

Wt.  2,000  g. 

Infused  zuith  Mixtures  of  Sodium  Cl 
Chloride  plus  Adrenalin. 

Amount  infused. 

Blood  pressure. 

Urine. 

c.c. 

mm. 

c.c. 

0 

106 

30 

120 

100 

116 

15 

200 

114 

30 

300 

118 

35 

400 

130 

10 

565  (total  amount) 


90  (total  amount) 


500 

600 

620 

640 

660 


122 

96 

70 

50 

40 

Dead 


30 

40 


160  (total  amount) 
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Experiment  XIII. 

Rabbit,  Wt.  2,200  g.  Infused  with  Mixture  of  Sodium  Chloride  and  Calcium 
Chloride  plus  Adrenalin. 


Amount  infused. 

Blood  pressure. 

Urine. 

c.c. 

mm. 

c.c. 

0 

98 

40 

104 

100 

108 

200 

108 

IS 

300 

no 

IS 

400 

II2 

7 

500 

II2  T 

s 

600 

104 

8 

700 

90 

10 

800 

92 

10 

Infusion  stopped 

70  (total  amount) 
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THE  INFLUENCE  OF  CONCENTRATION  (GIBSON’S 
METHOD)  ON  THE  PRESENCE  OF  TETANUS 
TOXIN  IN  BLOOD  SERUM.' 


By  JOHN  F.  ANDERSON. 

Passed  Assistant  Surgeon,  and  Assistant  Director,  Hygienic  Laboratory,  United 

States  Public  Health  and  Marine-Hospital  Service,  Washington,  D.  C. 

A  number  of  workers  have  observed  the  very  interesting  fact  that 
during  the  period  of  incubation  of  tetanus,  and  in  some  cases  during 
the  early  symptoms,  in  certain  animals  tetanus  toxin  is  present  in  the 
circulating  blood. 

Perhaps  the  most  notable  of  these  observations  was  that  recorded 
by  Bolton,  Firch  and  Walden^  in  their  report  on  the  cases  of  tetanus, 
including  seven  deaths  therefrom,  following  the  use  of  diphtheria 
antitoxin,  in  St.  Louis,  in  1901. 

These  observers  found  that  the  serum  from  a  certain  horse  which 
was  bled  for  diphtheria  antitoxin  three  days  before  it  was  killed, 
on  account  of  having  tetanus,  contained  tetanus  toxin.  They  found 
that  o.i  c.c.  of  this  serum  contained  sufficient  toxin  to  cause  the 
death  of  guinea-pigs  and  that  10  c.c.  had  caused  the  death  of 
children. 

The  great  importance  of  this  danger  has  been  fully  recognized 
and  guarded  against  by  all  producers  of  antitoxic  sera  since  that 
time.  It  is  now  as  much  a  routine  practice  of  antitoxin  producers 
to  make  what  is  known  as  safety  tests  as  to  make  potency  tests.  A 
safety  test  is  made  by  injecting  about  5  c.c.  of  the  serum  into 
guinea-pigs  and  observing  the  animal  for  some  days,  particularly 
for  symptoms  of  tetanus.  Moreover,  as  one  of  the  causes  of  the 
St.  Louis  accident  was  the  use  of  serum  a  few  days  after  being 
collected  and  before  tests  had  been  made,  most  producers  rarely 
market  serum  under  six  months  old. 

^Received  for  Publication,  May  27,  1909. 

*  Bolton,  B.  Meade,  Fisch,  C.,  and  Walden,  C.  C.,  Report  of  the  commission 
to  investigate  the  cases  of  tetanus  in  St.  Louis  following  the  administration  of 
diphtheria  antitoxin,  St.  Louis  Med.  Rev.,  1901,  xliv,  361-368. 
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A  repetition  of  the  St.  Louis  occurrence  is  most  improbable,  for 
all  producers  of  antitoxin  have  thrown  every  possible  safe-guard 
around  the  production  and  testing  of  sera,  both  for  their  own  pro¬ 
tection  and  on  account  of  the  stringent  requirements  of  the  Public 
Health  and  Marine-Hospital  Service. 

Since  the  concentration  of  antitoxin  by  the  Gibson  process  or 
Banzhaf’s  modification  has  come  into  such  general  use  there  has 
been  a  feeling  on  the  part  of  some  that  the  process  removed  all  the 
toxic  impurities,  among  them  tetanus  toxin,  which  might  be  in  the 
untreated  serum  as  a  result  of  accidental  infection  of  the  animal 
which  furnished  the  serum. 

I  have  (lacking  experimental  proof  in  its  favor)  never  been  con¬ 
vinced  that  this  belief  was  correct  and  have  insisted  that  horses 
with  infections,  such  as  severe  abscesses  due  to  cocci,  should  not  be 
used  to  furnish  antitoxin,  even  if  the  serum  was  to  be  concentrated. 

A  short  time  ago  one  of  the  sheep  at  the  Hygienic  Laboratory 
developed  tetanus  from  an  accidental  wound  and  I  had  it  bled  to 
death  from  the  jugular  vein  on  the  beginning  of  the  second  day  of 
the  disease.  Tests  of  the  toxicity  of  the  sheep’s  serum  showed  that 
2  c.c.  would  kill  a  250-gram  guinea-pig  with  tetanus  in  about  four 
days,  and  that  amounts  less  than  i  c.c.  would  cause  severe  symp¬ 
toms  of  tetanus  in  guinea-pigs. 

In  order  to  determine  if  the  concentration  of  the  serum  by  pre¬ 
cipitation  with  ammonium  sulphate  and  acetic  acid  would  destroy 
the  tetanus  toxin  in  it,  about  60  c.c.  of  the  serum  was  put  through 
the  Gibson  process.  After  the  dialysis  was  completed  there  re¬ 
mained  about  10  c.c.  of  the  globulin  solution.  This  was  tested  for 
the  presence  of  tetanus  toxin  by  subcutaneous  injection  into  guinea- 
pigs  as  follows: 


Table  Showing  Toxicity  of  the  Concentrated  Serum. 


Number  of 
guinea-pig. 

Weight  of 
pig- 

Amount  of  | 
concentrated  ; 
serum.  | 

Equivalent  I 
in  native  ! 
serum.  | 

Result. 

I 

330 

I.OC.C. 

6.0  C.C. 

Slight  symptoms  of  tetanus  sixth  day. 

2 

325 

I.O  c.c. 

6.0  C.C. 

1  Slight  symptoms  of  tetanus  sixth  day. 

3 

340 

2.0  C.C. 

12.0  C.C. 

Marked  symptoms  of  tetanus  sixth  day. 

4 

32s 

2.0  C.C. 

1  12.0  C.C. 

Marked  symptoms  of  tetanus  sixth  day. 

5 

350 

4.0  C.C. 

24.0  C.C. 

Marked  symptoms  of  tetanus  third  day. 
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From  the  table  it  will  be  seen  that  while  a  part  of  the  tetanus 
toxin  in  the  serum  had  been  removed  during  the  concentration  and 
dialysis,  there  was  sufficient  left  to  cause  marked  symptoms  in  a  dose 
of  2  c.c. 

This  shows  very  plainly  that  concentration  of  serum  by  pre¬ 
cipitation  with  ammonium  sulphate  and  acetic  acid,  followed  by 
dialysis,  does  not  remove  all  of  the  toxic  impurities  that  may  be  in 
serum,  and  that  the  foreign  toxin  is  probably  carried  wtih  the  anti¬ 
toxin  in  the  globulin  fraction. 

The  sheep  serum  with  which  I  worked  did  not  contain  a  very 
large  amount  of  tetanus  toxin,  as  it  required  2  c.c.  to  kill  a  350-gram 
guinea-pig;  this  was  probably  due  to  the  fact  that  the  serum  was 
collected  after  the  onset  of  the  symptoms  of  tetanus  and  Bolton  and 
Fisch^  have  shown  that  the  maximum  amount  of  tetanus  toxin  is 
present  during  the  period  of  incubation,  and  before  the  onset  of  the 
symptoms.  I  now  have  another  lot  of  serum  containing  more 
tetanus  toxin  for  further  work,  and  am  engaged  in  a  study  of 
the  behavior  of  the  toxin  in  serum  when  concentrated  by  the 
Banzhaf  modification  of  the  Gibson  process.  In  the  Banzhaf 
method  the  serum  is  heated  at  from  55°  to  56°  C.  for  a  long  period 
and  the  toxin  in  the  serum  is  probably  destroyed  thereby. 

I  am  also  studying  the  relation  of  the  toxin  in  the  serum  to  the 
different  fractions  removed  by  ammonium  sulphate. 

This  paper  is  presented  in  order  that  producers  of  antitoxic  sera 
may  be  informed  that  concentration  of  serum  by  precipitation  with 
ammonium  sulphate  and  acetic  acid  does  not  necessarily  remove 
toxic  impurities  present  in  the  untreated  serum,  and  that  they  may 
be  warned  against  the  use  of  serum,  even  for  concentration,  except 
from  perfectly  healthy  animals. 

“Bolton,  B.  Meade,  and  Fisch,  Carl,  Trans,  of  the  Ass.  of  American  Phys., 
1902,  xvii,  462. 
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By  E.  G.  grey  and  W.  T.  de  SAUTELLE. 

(From  the  Hunterian  Laboratory  of  Pathological  Physiology,  Johns  Hopkins 
University,  Baltimore.) 

Eppinger,  Falta  and  Rudinger^  have  found  that  adrenalin 
injections  no  longer  produce  a  glycosuria  after  extirpation  of  the 
thyroid  glands.  According  to  their  investigations  the  diet  has  but 
little  influence  upon  the  results,  for  the  same  data  are  obtained  re¬ 
gardless  of  whether  the  dogs  are  in  a  fasting  condition  or  are  kept 
on  a  generous  diet,  even  of  sugar.  This  relation  of  thyroid  gland 
to  sugar  excretion  they  explain  as  follows ;  The  pancreas  produces  a 
substance  which  regulates  the  oxidation  of  sugar  in  the  body.  The 
secretion  of  the  thyroid  glands  exercises  a  control  over  the  internal 
secretion  of  the  pancreas,  holding  it  in  check ;  likewise  the  internal 
secretion  of  the  adrenals  holds  in  check  this  internal  pancreatic 
secretion.  Consequently  a  glycemia  results  when  adrenalin  is  in¬ 
jected.  This  in  turn  produces  a  glycosuria.  Now,  if  the  check  on 
the  pancreas  exercised  by  the  thyroids  be  removed,  an  increased 
function  of  the  pancreas  follows,  and  the  adrenalin  is  not  able  to 
depress  it  sufficiently  to  cause  glycosuria.  In  favor  of  this  view  is 
the  fact  that  glycosuria  results  in  normal  dogs  from  intravenous  in¬ 
jections  of  thyroid  extract. 

Zuelzer,^  instead  of  removing  this  check  on  the  pancreas,  added 
pancreatic  extract  itself,  thereby  neutralizing  the  inhibition  exerted 
by  the  injected  adrenalin.  As  a  result  no  glycosuria  appeared. 

Experiments  by  Pick  and  Pineles^  on  young  goats  with  the  thy¬ 
roid  glands  removed  show  that  no  glycosuria  results  upon  the 
administration  of  adrenalin.  On  the  other  hand,  in  thyroidless 

*  Received  for  Publication  June  15,  1909. 

’  H.  Eppinger,  W.  Falta  and  C.  Rudinger,  Zeit.  f.  klin.  Med.,  1908,  Ixi,  i. 

"Zuelzer,  Verhand.  dcs  Kong.  f.  inn.  Med.,  23  Kong.,  1906. 

“  E.  P.  Pick  and  F.  Pineles,  Biochem.  Zeit.,  1908,  xii,  473. 
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rabbits  Eppinger,  Falta  and  Rudinger  have  demonstrated  that 
adrenalin  produces  a  strong  glycosuria.  This  is  likewise  the  case 
in  guinea-pigs,  thyroidectomy  having  no  influence  on  the  power  of 
adrenalin  to  produce  glycosuria. 

At  the  suggestion  of  Dr.  MacCallum  we  took  up  the  problem  of 
the  relation  of  the  thyroid  glands  to  the  pancreas.  For  this  in¬ 
vestigation  dogs  were  used,  and  both  adrenalin  and  ether  were 
employed  in  producing  a  glycosuria.  Reference  has  already  been 
made  to  the  views  of  Eppinger,  Falta  and  Rudinger  concerning 
the  relation  of  adrenalin  injections  to  glycemia  and  glycosuria. 
Seelig^  has  shown  that  dogs  fed  on  an  exclusive  meat  diet  con¬ 
stantly  show  a  more  or  less  high  degree  of  glycosuria  from  ether 
inhalation.  This  glycosuria  is  accompanied  by  a  hyperglycemia, 
and  after  the  anesthesia  the  glycogen  content  of  the  liver  is  found  to 
be  much  reduced.  Sugar  appears  in  the  urine  during  the  course  of 
the  experiment  and  appears  to  increase  with  the  duration  of  the 
ether  anesthesia.  The  sugar  excretion,  however,  disappears  very 
rapidly  after  the  removal  of  the  ether. 

We  proceeded  as  follows :  Female  dogs  were  operated  upon  to 
facilitate  catheterization.  After  complete  recovery  from  the  opera¬ 
tion  the  dogs  were  placed  upon  a  diet  consisting  of  a  definite  amount 
of  lean  meat  per  diem.  Kept  on  this  exclusive  diet  for  a  definite 
number  of  days  the  animals  were  at  length  subjected  to  ether 
anesthesia.  On  the  day  preceding  the  ether  treatment  the  dogs  each 
received  300  c.c.  of  water  through  the  stomach  tube  in  the  morning 
and  300  c.c.  more  in  the  afternoon.  Care  was  taken  that  the  dogs 
received  no  other  water. 

One  hour  and  a  half  preceding  the  administration  of  the  ether  the 
dogs  again  received  300  c.c.  of  water.  No  food  was  given  on  the 
day  of  narcosis.  Immediately  prior  to  the  ether  treatment  the 
bladder  of  each  dog  was  thoroughly  emptied  with  a  catheter  and 
then  the  animals  were  anesthetized  and  kept  as  nearly  as  possible  in 
the  same  stage  of  narcosis  for  exactly  three  hours.  The  urine  was 
collected  at  this  time  and  again  three  hours  later,  the  bladders  being 
completely  emptied  upon  this  occasion.  This  gave  a  six-hour  excre¬ 
tion  of  urine  to  work  with. 


A.  Seelig,  Arch.  f.  exper.  Path.  u.  Phar.,  1905,  lii,  490. 


E.  G.  Grey  and  W.  T.  de  Sautelle.- 


661 


Several  days  later  both  thyroid  glands  were  removed,  care  being 
taken  to  preserve  the  parathyroids.  The  dogs,  while  recovering 
from  the  effects  of  the  operations,  received  a  mixed  diet.  Then 
the  exclusive  meat  feeding  was  started  again.  Ether  anesthesia 
followed  the  requisite  number  of  days  later.  After  a  mixed  diet 
again  for  some  days  powdered  thyroid  glands  were  fed  daily 
together  with  the  usual  allotment  of  meat.  The  dogs  were  then 
ready  for  further  anesthesia. 

These  details  are  mentioned  to  emphasize  the  fact  that  unless  the 
animals  are  kept  upon  an  absolutely  "'definite  diet  and  the  same  condi¬ 
tions  minutely  observed  throughout  the  experiments  the  results  are 
meaningless.  This  is  clearly  shown  by  reference  to  the  last  column 
of  Table  I.  Dog  5,009  here  shows  that  by  excessive  meat  feeding 
the  quantity  of  excreted  sugar  is  greatly  increased.  We  have  had 
to  discard  the  data  from  several  dogs  for  this  very  reason. 

The  adrenalin  experiments  were  similarly  conducted.  Adrenalin 
chloride  solution,  i  to  1,000,  was  injected  intra^eritoneally  in  ap¬ 
proximately  the  same  part  of  the  abdomen  each  time.  Here  the 
twenty-four-hour  urine  was  collected;  and,  from  data  covering 
several  weeks  of  the  earlier  part  of  our  work,  it  became  evident  that 
the  animals  would  have  to  be  catheterized  every  few  hours  through¬ 
out  the  period  of  the  collection.  Working  with  comparatively  small 
quantities  of  dextrose,  such  as  appeared  in  these  experiments,  the 
results  could  be  easily  vitiated  by  fecal  matter  and  vomitus;  for 
adrenalin,  injected  in  sufficient  quantity  to  produce  a  satisfactory 
glycosuria,  is  usually  followed  by  some  of  the  characteristic 
symptoms. 

Like  Eppinger,  Falta  and  Rudinger,  we  found  that  the  dogs  dis¬ 
played  a  very  great  variation  in  the  comparative  amounts  of 
dextrose  excreted.  This  also  proved  to  be  the  case  with  ether. 
Furthermore,  from  a  number  of  dogs  not  recorded  in  the  tables,  we 
found  that  dogs  in  apparently  the  same  physical  conditions  evinced 
very  remarkable  differences  in  their  susceptibilities  to  adrenalin 
poisoning. 

The  sugar  determinations  were  made  by  Benedict’s  modification 
of  Fehling’s  method. 
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Tabes  I  and  II  give  the  results  from  four  dogs. 


TABLE  I. 

Table  Showing  Results  of  Ether  Experiments. 
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9 
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bii2". 

ho2  ^  >. 

0  0 
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0  w  ^ 

0  p 
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H  - 

S'" 

Diet. 

One  pound 

Ditto 

Ditto. 

One  pound 

Ditto 

Ditto. 

Ditto 

Ditto. 

Four  pounds 

ground  beef 

ground  beef 

meat  per 

per  day  for 

per  day  for 

day  for  5 

4  days. 

5  days. 

days. 

Grams  of 

0 

0 

0 

0 

0 

0 

0 

0 

0 

dextrose  in 
urine  be¬ 
fore  ether¬ 
ization. 

Ether. 

3  hours. 

3hrs. 

3  hrs. 

3  hours. 

3  hrs. 

3  hrs. 

3  hrs. 

3  hrs. 

3  hours. 

Cubic  centi- 

84 

40 

47-S 

68 

270 

1 00.5 

152 

93 

132 

meters  of 
of  urine  per 
6  hours. 

Grams  of 

1-752 

0.174 

1. 014 

0.264 

0.242 

less 

0.168 

0.534 

0.9 

dextrose  in 
urine  per  6 
hours  after 
e  t  h  e  r  i  z  a  - 
tion. 

1 

than 

0.073 

i 

■ 

Table  I,  Dog  5,809. — Before  thyroidectomy  an  ether  anesthesia  resulted  in  an 
excretion  of  1.752  gm.  of  dextrose  in  the  urine.  After  thyroidectomy  the  sugar 
content  of  the  urine  from  ether  inhalaation  dropped  to  0.174  g'H-.  i-  e.,  it  fell 
to  10  per  cent,  of  the  original  amount.  When  this  dog  was  fed  with  powdered 
thyroid  gland,  however,  the  narcosis  resulted  in  an  increased  excretion  of 
sugar — 1.014  gm.  This  represents  57  per  cent,  of  the  original  quantity  of  sugar. 

Table  I,  Dog  5,009. — Ether  narcosis  before  thyroidectomy  caused  an  excretion 
of  0.264  gm.  dextrose  in  the  urine.  This  was  repeated  two  weeks  later  under 
the  same  conditions  and  practically  the  same  amount  of  sugar  was  found  in 
the  urine — 0.242  gm.  The  volumes  of  urine  in  these  two  cases,  however,  were 
very  different  as  shown  by  the  table.  Following  thyroidectomy  ether  narcosis 
resulted  in  a  very  decided  fall  in  the  dextrose  content — less  than  0.073  gni.  This 
is  less  than  27.5  per  cent,  of  the  original  amount.  With  moderate  thyroid 
feeding  the  ether  anesthesia  showed  an  increase  in  the  dextrose  of  the  urine  to 
0.168  gm.,  I.  e.,  over  63  per  cent,  of  the  original  quantity.  When  the  thyroid 
dosage  was  greatly  increased  a  remarkably  larger  quantity  of  dextrose  resulted 
from  the  narcosis — 0.534  g^i.,  or  202  per  cent,  of  the  original  amount.  Here 
evidently  the  amount  of  powdered  thyroid  absorbed  far  exceeded  the  normal 
output  of  the  intact  thyroid  glands. 
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TABLE  11. 

Table  Showing  Results  of  Adrenalin  Experiments. 


1 

! 

Dog  8,308  1 
Normal,  j 

Dog  8,308  after  I 
thyroidectomy. 

Dog  8,308 

6  weeks  after 
thyroidectomy. 

Dog  1,609 
Normal. 

Dog  1,609  after 
thyroidectomy. 

Weight  of  dog  in 
kilos. 

9.6  1 

i 

,  1 

9.6  j 

j 

12 

8.6 

8.6 

Grams  of  dextrose 
in  urine  before 
adrenalin  injection. 

0  ! 

1 

0  i 

j 

0 

0 

0 

Cubic  centimeters  of 
adrenalin  solution 
i-iooo  injected. 

'  7 

! 

7  ^ 

9 

6 

6 

Cubic  centimeters  of 
urine  secreted  per 
24  hours. 

694 

i  250 

I 

13s 

i 

190 

IIS 

j 

Grams  of  dextrose  in 
24  hour  urine  after 
adrenalin  injection. 

2.63 

j  0.71 

1.458 

5-9 

1 

3-47 

Table  II,  Dog  8,308. — An  injection  of  7  c.c.  of  adrenalin  chloride  solution 
I  to  1,000  into  a  dog  weighing  9.6  kilos  resulted  in  2.63  gm.  of  dextrose  in  the 
twenty-four-hour  urine.  Following  thyroidectomy  a  similar  injection  demon¬ 
strated  a  fall  to  0.71  gm.  of  dextrose  in  the  urine,  or  27  per  cent,  of  the  original 
amount  in  the  normal  animal.  When  the  thyroids  were  allowed  to  regenerate 
for  six  weeks  an  injection  of  the  same  sort  resulted  in  a  rise  in  the  sugar  con¬ 
tent  of  the  urine  to  1.458  gm.,  or  55  per  cent,  of  the  original  amount. 

Table  II,  Dog  1,609. — Weight  of  the  animal  was  8.6  kilos.  An  injection 
intraporitoneally  of  6  c.c.  adrenalin  showed  5.9  gm.  of  dextrose  in  the  twenty- 
four-hour  urine.  On  removal  of  the  thyroids,  and  repeating  this  injection,  the 
amount  of  excreted  sugar  fell  to  3.47  gm.  or  57  per  cent,  of  the  original  amount. 
Unfortunately  this  dog  was  accidentally  killed  before  further  experiments  could 
be  carried  out. 

RESUME. 

1.  After  thyroidectomy  the  glycosuria,  produced  by  ether  or 
adrenalin  in  the  normal  animal,  is  greatly  reduced. 

2.  Thyroidless  dogs  fed  on  powdered  thyroid  glands  show  a 
return  of  glycosuria  more  or  less  proportional  to  the  amount  in¬ 
gested  when  treated  with  adrenalin  or  ether. 

3.  As  the  thyroids  regenerate  the  ether  or  adrenalin  glycosuria 
increases  similarly. 
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The  results  of  these  experiments  leave  no  doubt  in  our  minds 
that  the  secretion  of  the  thyroid  glands  is  connected  in  some  obscure 
way  with  the  metabolism  of  sugar  in  the  body  or  exerts  some  control 
over  organs  whose  duty  it  is  to  participate  in  the  sugar  metabolism. 

In  conclusion  we  wish  to  express  our  great  indebtedness  to  Dr. 
MacCallum  for  his  advice  throughout  the  course  of  this  work,  and 
also  for  performing  the  thyroidectomy  operations 
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HYDRATE  METABOLISM.! 


By  JOHN  H.  KING,  M.D. 

Instructor  in  Pathological  Physiology,  Johns  Hopkins  Medical  School. 

(From  the  Hunterian  Laboratory  of  tl^e  Johns  Hopkins  Medical  School.) 

A  great  deal  of  study  has  been  devoted  by  many  observers  to  the 
role  of  the  ductless  glands  in  the  body  metabolism.  Many  inter¬ 
esting  and  practical  discoveries  have  resulted,  such  as  the  isolation 
of  thyro-iodin  from  the  thyroid  gland  by  Bauman,  the  discovery  of 
the  iodine  containing  globulin  of  the  thyroid  by  Oswald,  and  the 
blood-raising  constituent  of  the  suprarenal  capsule  by  Abel.  The 
acquisition  of  this  knowledge  has  helped  to  some  extent  to  make 
clear  the  action  of  these  glands,  more  especially  the  thyroid,  and 
has  brought  with  it  important  therapeutic  advancement. 

During  the  last  few  years,  the  belief  has  been  steadily  growing, 
that  besides  a  direct  specific  efifect,  the  ductless  glands  have  some 
regulating  action  on  one  another,  i.  e.,  that  they  are  correlated  in 
some  way.  Accordingly  investigations  have  been  undertaken  to 
study  the  effects  produced  on  one  ductless  gland  by  disturbances  in 
the  normal  action  of  another  ductless  gland.  Furthermore,  clinical 
findings  in  diseases  of  these  glands  have  brought  forth  many  inter¬ 
esting  observations,  which  strongly  suggest  that  an  impairment  in 
the  function  of  one  ductless  gland  disturbs  to  no  small  degree  the 
action  of  the  others. 

The  Vienna  School  ( i ) ,  Falta  Eppinger  and  Rudinger,  have 
devoted  especial  attention  to  the  study  of  the  inter-relationship  of  the 
ductless  glands,  and  in  an  interesting  series  of  experiments  have 
brought  to  light  some  important  observations.  These  have  been 
grouped  conveniently  into  a  schema,  which  embodies  the  author’s 
ideas  regarding  the  inter-relationship  of  the  pancreas,  thyroid  and 
the  chromaffin  system. 

'Received  for  Publication  June  21,  igog. 
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1.  The  thyroid  and  pancreas  mutually  retard  the  action  of  one 
another. 

2.  The  pancreas  and  chromaffin  system  mutually  retard  the  action 
of  one  another. 

3.  The  thyroid,  and  the  chromaffin  system  mutually  increase  the 
action  of  one  another. 

It  is  our  purpose  to  consider  in  this  article  only  the  antagonism 
between  the  pancreas  and  the  thyroid,  and  to  reserve  .for  a  subse¬ 
quent  communication  the  results  of  some  observations  that  are  being 
made  on  the  relationship  of  the  adrenals,  and  parathyroids  to  car¬ 
bohydrate  metabolism.  The  clinical  study  of  disturbances  in  the 
function  of  the  thyroid  glands  has  strongly  indicated  some  rela¬ 
tionship  of  this  gland  to  the  metabolism  of  carbohydrates.  In  two 
diseases  of  the  thyroid  gland  the  metabolic  disturbances  are  strik¬ 
ing  and  almost  diametrically  opposed.  I  refer  to  exophthalmic 
goiter  (hyper-thyroidism)  and  myxedema  (hypo-thyroidism). 

In  exophthalmic  goiter  spontaneous  glycosuria  has  been  observed 
by  F.  Kraus  (2)  and  Ludwig  and  Chvosteck  (3).  Moreover,  the 
administration  of  small  amounts  of  carbohydrates  in  this  condition 
produces  alimentary  glycosuria.  In  some  experiments  conducted  by 
Gray  and  DeSautelle  in  this  laboratory,  it  has  been  shown  that 
the  glycosuria  produced  by  the  administration  of  ether  is  materially 
influenced  by  extirpation  of  the  thyroid.  When  this  gland  is  re¬ 
moved  the  amount  of  glucose  put  out  in  the  urine,  under  the  above 
conditions,  is  strikingly  less,  showing  that  when  the  restraining 
influence  of  the  thryoid  is  thus  removed  the  pancreas  is  more  effi¬ 
cient  for  carbohydrate  destruction. 

Von  Noorden  (4)  has  observed  diabetes  with  Grave’s  disease 
four  times.  Evidently  increase  in  thyroid  activity  makes  the  nor¬ 
mal  use  of  carbohydrates  more  difficult. 

In  another  disease  of  the  thyroid,  myxedema,  the  occurrence 
of  spontaneous  glycosuria  (5)  is  so  rare  as  practically  never  to 
occur.  Furthermore,  Hirschl  (6)  found  that  in  an  outspoken  case 
of  myxedema  the  administration  of  even  from  200  to  500  grams  of 
grape  sugar  did  not  produce  alimentary  glycosuria. 

Kndpelmacher  (7)  has  confirmed  these  findings  and  has  shown 
that  the  limit  of  sugar  assimilation  sinks  to  the  physiological  level 
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as  improvement  takes  place  under  treatment  with  thyroid.  In  the 
experiments  in  which  he  sought  out  the  inter-relation  of  the  vari¬ 
ous  ductless  glands  Falta  employed  the  living  animal  and  resorted 
to  extirpation  of  glands  and  injections  of  the  active  substances  of 
glands  to  obtain  his  conditions.  Such  procedures  in  animals  are 
difficult  and  the  conclusions  to  be  drawn  are  not  always  clear  cut, 
particularly  after  injection  of  adrenalin.  So  it  seemed  advis¬ 
able  to  employ  some  simpler  method  of  investigation,  in  which,  if 
possible,  the  action  of  organs  other  than  those  under  investigation 
might  be  eliminated,  particularly  that  of  the  nervous  system.  The 
methods  which  Cohnheim  used  for  studying  the  action  of  pancreatic 
and  muscle  juice  on  the  consumption  of  dextrose  offered  a  con¬ 
venient  means  of  attacking  the  problem.  This  work  has  been 
confirmed  by  that  of  Hall  (8)  and  has  the  advantage  of  dealing 
with  simple  conditions. 


EXPERIMENTS. 

The  object  with  which  the  following  series  of  experiments  was 
undertaken  was  to  find  out  if  the  thyroid  gland  had  any  influence 
on  the  action  of  muscle  juice  and  pancreatic  juice  in  breaking  down 
dextrose.  Dogs  were  the  animals  used  in  these  studies. 

The  method  of  conducting  the  experiments  was  briefly  as  follows : 
The  first  procedure  was  to  secure  the  muscle,  pancreas  and  thyroid 
to  be  used.  The  technique  of  Cohnheim  (9)  was  in  the  main  fol¬ 
lowed  here  and  dogs  were  etherized,  bled  to  death,  and  then  trans¬ 
fused  with  Ringer’s  solution  to  get  rid  of  the  serum,  which  Cohn¬ 
heim  has  shown  retards  the  action  of  muscle  and  pancreatic  juice 
on  dextrose.  The  muscle  was  then  collected,  carefully  cleaned  of 
fat  and  protected  from  action  of  bacteria  by  toluol.  In  a  similar 
way  the  pancreas  and  thyroids  were  obtained.  The  muscle  was  now 
finely  ground  and  mixed  thoroughly,  and  in  like  manner  the  pan¬ 
creas,  so  that  in  the  mass  of  ground  pancreas  the  islands  of  Langer- 
hans  were  equally  distributed.  Then  a  weighed  amount  of  mixed 
muscle,  and  a  weighed  amount  of  mixed  pancreas  were  placed  in 
linen  bag  with  the  addition  of  some  washed  sand,  and  the  muscle 
juice  extracted  in  a  Buchner  press  at  a  pressure  of  300  atmospheres. 
Equal  amounts  of  juice  were  collected  in  parallel  experiments.  The 
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juice  was  received  in  a  beaker  containing  abundant  toluol.  To  this 
juice  was  now  added  a  weighed  amount  of  pure  dextrose  and  the 
mixture  thoroughly  shaken.  The  dextrose  content  of  the  mixture 
was  then  determined  from  a  sample  and  the  remaining  juice  in  a 
stoppered  bottle  incubated  for  five  and  a  half  hours  in  a  thermo¬ 
stat  at  from  37°  to  38°  C.  An  acid  reaction  of  the  juice  was  con¬ 
trolled  by  addition  of  sodium  carbonate.  After  this  time  had 
elapsed  the  juice  was  removed  from  the  thermiostat,  and  after  pre¬ 
cipitating  out  the  proteids  by  sodium  chloride  acetic  acid  and  heat, 
the  dextrose  remaining  in  the  filtrate  was  determined.  Benedict’s 
(10)  method  for  the  quantitative  estimation  of  sugar  was  used 
throughout. 

In  the  same  way  the  weighed  thyroid  glands  of  the  dog,  from 
which  the  muscle  and  pancreas  were  obtained,  were  added  to  the 
same  amount  of  muscle  and  pancreas,  and  the  juice  of  the  com¬ 
bined  three  was  extracted.  The  action  of  this  juice  on  dextrose 
was  investigated  in  the  same  manner.  Particular  care  was  exer¬ 
cised  to  remove  any  traces  of  parathyroids  from  the  thyroid,  so 
that  the  results  would  be  strictly  attributable  to  the  action  of  the 
thyroid  alone,  and  also  the  juices  were  protected  at  all  times  by  suffi¬ 
cient  and  equal  amounts  of  toluol,  to  avoid  any  action  of  bacteria. 
Hall,  in  employing  a  similar  technique  of  protecting  his  juices  with 
toluol,  proved  the  sterility  of  his  mixtures  both  to  aerobic  and  anaer¬ 
obic  microorganism.  In  the  juices  used  in  this  series  of  experi¬ 
ments  there  appeared  at  no  time  any  evidence  of  activity  of  micro¬ 
organisms.  A  series  of  seven  experiments  were  carried  out  after 
the  above  outlined  manner  and  some  interesting  facts  were  dis¬ 
covered.  A  protocol  of  one  of  the  experiments  will  be  given,  and 
then  the  rest  expressed  in  tabular  form,  in  order  to  bring  out  more 
sharply  the  effect  of  the  addition  of  the  thyroid. 

Experiment  No.  i. 

Juice  from  130  gm.  muscle -f  8  gm.  pancreas  gave  40  c.c.  juice;  4  gm.  dextrose 


were  added. 

(o)  Dextrose  at  once .  4.000  gm. 

Dextrose  after  incubation  of  5J  hours .  2.41  igm. 

Dextrose  destroyed  .  1.589  gm. 


John  H,  King.  669 

(b)  Juice  from  130  gm.  muscle  +  8  gm.  pancreas  +  1.4  gm.  thy¬ 
roid  gave  40  c.c.  juice;  4  gm.  dextrose  were  added. 

Dextrose  at  once .  3-98o  gm. 

Dextrose  after  incubation  of  5^  hours .  3.230  gm. 

Dextrose  destroyed  . ., .  0.750  gm. 

Result:  (a)  Dextrose  destroyed  .  1.589 gm. 

(i>)  Dextrose  destroyed  .  0.750  gm. 

Marked  retardation  by  thyroid. 


TABLE  I. 

Effect  of  Nortnal  Thyroid. 

Experiment  No.  I. 

130  gm.  muscle  -|-  8  gm.  pancreas  destroyed  1.589  gm.  dextrose. 

130  gm.  muscle  +  8  gm.  pancreas  -f-  1.4  gm.  thyroid  destroyed  0.769  gm.  dextrose. 

Experiment  No.  II. 

200  gm.  muscle  4- 1 1  gm.  pancreas  destroyed  1.131  gm.  dextrose. 

200  gm.  muscle  +  ii  gm.  pancreas  +  1.2  gm.  thyroid  destroyed  0.450  gm.  dextrose. 

Experiment  No.  III. 

200  gm.  muscle  4-  4  gm.  pancreas  destroyed  1.237  gm.  dextrose. 

200  gm.  muscle  4-  4  gm.  pancreas  4-  0.630 gm.  thyroid  destroyed  0.673  gm.  dextrose. 

Experiment  No.  IV. 

200  gm.  muscle  4-  12  gm.  pancreas  destroyed  1.041  gm.  dextrose. 

200  gm.  muscle  4-  12  gm.  pancreas  4-  i.iogm.  thyroid  destroyed  0.422  gm.  dextrose. 

Experiment  No.  V. 

200  gm.  muscle  4-  12  gm.  pancreas  destroyed  1.041  gm.  dextrose. 

200  gm.  muscle  4-  12  gm.  pancreas  4-  i.io  gm.  thyroid  destroyed  0.485  gm.  dextrose. 

Experiment  No.  VI. 

200  gm.  muscle  4-12  gm.  pancreas  destroyed  0.630  gm.  dextrose. 

200  gm.  muscle  4-12  gm.  pancreas  4-  i.i  gm.  thyroid  destroyed  0.103  gm.  dextrose. 

Experiment  No.  VII. 

200  gm.  muscle  4-  12  gm.  pancreas  destroyed  0.630  gm.  dextrose. 

.200  gm.  muscle  4-  12  gm.  pancreas  4-  1.5  gm.  thyroid  destroyed  0.186  gm.  dextrose. 

It  will  be  seen  from  this  series  of  experiments  that  the  thyroid 
has  a  very  definite  retarding  action  on  the  breaking  down  of  dex¬ 
trose  by  muscle  and  pancreatic  juice,  and  this  action  can  be  here 
safely  attributed  to  the  thyroid  and  to  that  gland  alone,  since  the 
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experiments  differed  only  in  the  presence  in  one  sample  of  juice  of 
thyroid  and  its  absence  in  the  other  corresponding  sample. 

It  was  now  of  course  of  interest  to  study  further  the  action  of 
the  thyroid  with  reference  to  whether  the  substance  responsible  for 
its  retarding  action  was  a  thermostable  or  thermolabile  substance, 
or  in  other  words  whether  the  phenomenon  was  in  the  nature  of  a 
ferment  action.  A  series  of  experiments  was  therefore  undertaken 
to  elucidate  this  point.  The  same  technique  as  in  the  above  experi¬ 
ments  was  employed,  except  that  the  thyroid  was  boiled  before  the 
juice  was  extracted  from  it,  instead  of  being  extracted  just  as  it 
comes  from  the  animal.  The  results  of  the  study  are  of  interest. 

TABLE  II. 

Effect  of  Boiled  Thyroid. 

Experiment  No.  VIII. 

150  gm.  muscle  -h  6  gm.  pancreas  destroyed  1.280  gm.  dextrose. 

150  gm.  muscle  -t-  6  gm.  pancreas  -|-  0.3  gm.  boiled  thyroid 

destroyed  0.657  gni.  dextrose. 

Experiment  No.  IX. 

200  gm.  muscle  +  10  gm.  pancreas  destroyed  0.940  gm.  dextrose. 

200  gm.  muscle  -b  10  gm.  pancreas  +1.2  gm.  boiled  thyroid 

destroyed  0.400  gm.  dextrose. 

In  both  cases  there  has  been  a  marked  retardation  by  the  thyroid. 
The  boiled  thyroid  then  exerts  identically  the  same  action  as  the 
unboiled  thyroid,  i.  e.,  a  very  definite  retardation.  So  the  substance 
is  not  of  a  ferment  nature,  but  is  thermostable  in  that  it  resists 
vigorous  boiling.  Such  findings  naturally  turned  our  attention  to 
the  active  substance  of  the  thyroid,  the  iodothyrin  of  Baumanii, 
which  is  a  substance  that  is  thermostable  and  par  excellance  the 
specific  metabolic  product  of  this  gland.  It  was  our  next  object  to 
study  the  action  of  this  substance  on  the  destruction  of  dextrose 
by  muscle  and  pancreatic  juice.  The  same  methods  as  in  all  the 
above  experiments  were  used  in  this  series.  The  iodothyrin  was 
obtained  from  the  thyroids  of  cows  after  the  method  of  Baumann, 
and  also  from  a  commercial  specimen  of  Merck.  It  was  added  in 
weighed  amounts  in  slightly  alkaline  solution  (5  c.c.  w/io  NaOH) 
to  muscle  and  pancreatic  juice.  The  results  are  expressed  in  tabu¬ 
lar  form. 


John  H.  King. 


671 


TABLE  III. 

Effect  of  lodothyrin. 

Experiment  No.  X. 

200  gm.  muscle  +  lo  gm.  pancreas  destroyed  0.771  gm.  dextrose. 

200  gm.  muscle  +  10  gm.  pancreas  +  0.100  gm.  iodothyrin 

destroyed  0.173  gm.  dextrose. 


Experiment  No.  XI. 

200  gm.  muscle  +  12  gm.  pancreas  destroyed  1.041  gm.  dextrose. 

200  gm.  muscle  +  12  gm.  pancreas  +  0.200  gm.  iodothyrin 

T  destroyed  0.038  gm.  dextrose. 

Experiment  No.  XII. 

200  gm.  muscle  +  12  gm.  pancreas  destroyed  1.041  gm.  dextrose. 

200  gm.  muscle  +  12  gm.  pancreas  +  0.163  g*n.  iodothyrin 

destroyed  0.051  gm.  dextrose. 

Experiment  No.  XIII. 

200  gm.  muscle  +  12  gm.  pancreas  destroyed  1.041  gm.  dextrose. 

200  gm.  muscle  +  12  gm.  pancreas  +  0.220  gm.  iodothyrin 

destroyed  0.127  gm.  dextrose. 

Iodothyrin  acts  just  as  does  the  normal  thyroid  and  the  boiled 
thyroid,  since  it  exerts  a  marked  retarding  influence  on  muscle  and 
pancreatic  juice  in  its  power  of  breaking  down  dextrose.  The 
retarding  action  is  more  striking  when  the  active  substance  of  the 
gland  is  used  than  in  case  of  the  whole  gland. 

These  results  therefore  show  that  the  thyroid  gland  influences 
definitely  the  carbohydrate  destroying  mechanism  of  the  body,  and 
render  intelligible  the  clinical  findings  in  myxedema  and  exophthal¬ 
mic  goiter.  Increased  activity  of  the  thyroid  we  should  expect 
from  the  above  experiments  to  be  associated  with  a  decrease  in 
power  of  the,  carbohydrate  destroying  mechanism,  and  such  is 
clinically  shown  to  be  the  case  by  the  finding  of  glycosuria  in 
Grave’s  disease. 

Decreased  activity  of  the  thyroid  should  on  the  other  hand  at 
least  not  diminish  the  power  of  the  carbohydrate  destructive  mecha¬ 
nism  of  the  body,  and  this  view  is  rendered  very  probable  by  the 
rare  occurrence  of  glycosuria  in  myxedema,  and  in  addition,  by  the 
extremely  high  assimilation  limit  for  dextrose  in  this  condition. 
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Here,  indeed,  both  clinical  and  experimental  evidence  agree  in 
showing  the  thyroid  has  a  very  definite  control  over  the  metabolism 
of  carbohydrates  by  the  body.  Our  experiments  point  out  that 
this  relationship  is  in  the  nature  of  an  antagonistic  one,  in  that  the 
carbohydrate  mechanism,  muscle  and  pancreas  is  rendered  less 
efficient  when  the  thyroid  enters  into  the  reaction.  Our  results 
are  in  agreement  with  those  of  Falta,  who  concludes  from  his  ex¬ 
periments  that  the  thyroid  and  pancreas  mutually  retard  one 
another. 


CONCLUSION. 

1.  The  thyroid  exerts  a  retarding  action  on  the  carbohydrate 
destroying  mechanism  of  the  body. 

2.  This  retarding  action  is  not  changed  when  the  gland  is  boiled, 
showing  that  it  is  not  a  ferment  action. 

.  3.  lodothyrin,  the  active  principle  of  the  gland,  exerts  this  re¬ 
tarding  influence  more  markedly  even  than  the  whole  thyroid. 

4.  This  antagonism  between  the  thyroid  and  the  carbohydrate 
destroying  mechanism  is  a  direct  one,  as  other  ductless  glands  and 
the  nervous  system  are  eliminated  from  the  experiments. 

5.  These  results  confirm  those  of  Falta  along  similar  lines. 
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Since  the  days  of  Majendie  this  subject  has  received  no  small 
amount  of  attention,  for  it  has  long  been  known  that  circulatory 
disturbances  are  frequently  associated  with  obstructive  jaundice,  and 
endeavors  have  repeatedly  been  made  to  study  these  disturbances 
by  the  intravenous  injection  of  bile  into  animals. 

The  first  to  make  a  systematic  study  of  the  bradycardia  of  jaun¬ 
dice  was  Rohrig  (i),  in  1863,  and  to  his  teaching,  especially,  is 
accredited  the  oft  quoted  statement  “  that  the  dominant  action  of 
the  bile  on  the  circulation  is  due  to  its  bile  salts — taurocholate  and 
glycocholate.”  Subsequent  observers  have  in  general  concurred 
with  Rohrig  that  the  bile  salts  are  responsible  for  the  bradycardia 
and  low  blood  pressure  of  jaundice,  but  there  is  much  diversity  of 
opinion  as  to  how  the  bile  salts  exercise  this  function.  Three  dif¬ 
ferent  views  are  held  regarding  the  toxic  action  of  bile  on  the  heart. 
One  is  that  the  bile  constituents  act  as  a  poison  to  the  intracardiac 
ganglia  and  by  paralyzing  their  action,  impair  the  force  of  the  heart 
beat  and  lower  its  frequency.  Among  those  who  hold  this  view  are 
Rohrig  (i),  Legg  (2),  Ewald  (3),  Grob  (4),  Riegel  (5), 
Laveran  and  Teisser  (6).  On  the  other  hand,  it  is  held  by  Rancke 
(7),  Schack  (8)  and  Lowit  (9)  that  the  bile  salts  possess  a  toxic 
action  on  all  striated  muscle,  and  that  the  effects  on  the  heart  fall 

*  Received  for  publication  June  21,  1909. 

()7.3 


674 


Effect  of  Injection  of  Bile  on  Circulation. 


in  line  with  this  general  action — that  the  heart  muscle  is  directly 
poisoned.  The  most  recent  workers  on  the  subject — Spalitta  (lo), 
Weintraud  (ii),  Brandenburg  (12),  and  Meltzer  and  Salant  (13), 
are  inclined  to  the  view  that  the  slowing  in  heart  rate  is  the  result 
of  a  stimulation  or  increased  tone  of  the  cardio-inhibitory  appa¬ 
ratus.  While  there  is  no  unanimity  among  these  authors  as  to  the 
mechanism  of  bile  poisoning,  they  are  all,  with  the  exception  of 
Meltzer  and  Salant,  agreed  as  to  the  constituent  of  the  bile  to  which 
the  toxic  action  is  due,  i.  e.,  the  bile  salts.  Meltzer  and  Salant  are 
non-committal,  but  suggest  that  there  is  either  a  mass  action  of  the 
different  bile  constituents,  or  else  some  undiscovered  constituent,  to 
which  the  toxicity  is  due.  The  first  authors  to  give  evidence  that 
the  bile  pigment  possesses  toxic  properties  were  Bouchard  (14) 
and  de  Bruin.  Having  injected  bile  into  a  rabbit’s  ear  to  de¬ 
termine  the  lethal  dose,  they  found  that  removal  of  the  pigments 
by  charcoal  lowered  the  toxicity  by  one-half.  According  to  these 
authors  the  bile  pigments  possess  a  greater  toxic  property  than  the 
bile  salts. 

It  seemed  to  us  that  in  those  researches  which  were  undertaken  to 
determine  the  toxic  constituent  of  bile  the  discordant  results  have 
been  due  in  a  large  measure  to  the  methods  employed.  It  is  sur¬ 
prising  how  little  attention  has  been  paid  to  the  concentration  of  the 
constituents  investigated,  as  compared  to  their  concentration  in  the 
normal  bile.  Empirical  standards  had  been  established  and  concen¬ 
trations  used  far  in  excess  of  what  is  present  in  the  bile  or  without 
any  reference  to  the  possibilities  which  might  arise,  even  during  the 
course  of  the  disease.  Thus,  for  instance,  Traube  (15)  used  a 
33  per  cent,  solution  of  sodium  cholate,  whereas  in  no  analysis  of 
the  bile  of  any  animal  has  more  than  5  per  cent,  been  found. 

In  the  experiments  which  we  have  carried  out  we  used  throughout 
pig’s  bile  and  injected  this  intravenously  into  dogs.  The  bile  was 
obtained  from  the  gall  bladder  immediately  after  slaughter  of  the 
animal,  and  to  obviate  the  possibility  of  individual  variations  which 
might  arise  from  the  feeding  of  the  animals,  a  mixed  sample  from 
at  least  twenty  pigs,  was  used  in  every  experiment.  A  first  series  of 
experiments  was  conducted  for  the  purpose  of  ascertaining  the  dose 
of  bile  injected  at  a  uniform  rate  which  would  produce  a  distinct 
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slowing  of  the  heart  rate.  Special  attention  was  given  to  the  rate 
at  which  the  bile  was  introduced,  as  variations  in  the  rapidity  of 
injection  materially  influence  the  dose  which  will  produce  cardiac 
efifects.  As  an  illustration  of  this  point,  in  one  experiment  we 
found  that  5  c.c.  of  bile  injected  into  the  jugular  vein  in  one  minute 
produced  a  drop  in  heart  rate  from  120  to  70  per  minute,  and  a 
fall  in  blood  pressure  from  120  mm.  Hg  to  50  mm.  Hg,  whereas,  if 
the  same  amount  of  bile  be  injected  at  a  much  slower  rate  of  0.5 
c.c.  per  minute,  it  will  produce  no  efifect  whatsoever,  except  a  slight 
rise  in  pressure.  In  ten  experiments  we  found  that  an  average  of 
16  c.c.  of  whole  bile,  injected  intravenously  at  the  rate  of  0.5  c.c. 
per  minute,  will  cause  a  distinct  slowing  in  rate  in  a  dog  of  14 
pounds  weight,  and  from  34  to  37  c.c.  will  stop  the  heart  in  diastole. 
The  figure  36  c.c.  we  take  as  the  lethal  dose  of  pig’s  bile  for  dogs. 
This  lethal  dose  is  probably  in  excess  of  what  would  after  a  few 
hours  kill  the  animal,  but  for  our  purpose  it  was  necessary  for  the 
sake  of  comparison  to  know  the  amount  of  bile  necessary  to  kill  the 
animal  on  the  table. 

Effect  of  the  Injection  of  Whole  Bile. — In  the  experiment  carried 
out  in  this  research  all  the  injections  were  made  in  the  same  manner. 
The  bile  w^as  introduced  from  a  burette  connected  with  a  jugular 
vein,  usually  the  left,  and  the  rate  of  inflow  controlled  by  a  screw 
clamp.  Blood  pressure  was  read  ofif  from  a  mercury  manometer 
attached  to  the  right  common  carotid  artery. 

Table  I  gives  the  figures  for  six  experiments  made  with  the  in¬ 
jection  of  whole  bile. 


TABLE  I. 


No. 

Blood  pres-  j 
sure  at  com-  j 
mencement  ! 
of  experiment. 

i 

Preliminary  rise  and  c.c. 
of  bile  to  produce  it. 

Number  of  c.c.  to  pro¬ 
duce  distinct  slowing. 

Lethal  dose 
in  c.c. 

Weight  of 
animal. 

B.  P.  1 

c.c.  1 

C.C. 

1  1 

I 

1  125  1 

10  mm. 

7-5 

18 

1  90  mm.  j 

46 

15  lbs. 

2 

1  127 

None 

16 

75  mm. 

35 

14 

3 

1  130 

15  mm. 

5 

15 

75  mm. 

36 

13 

4 

i  120 

10  mtn. 

6 

17 

!  100  mm. 

37 

14 

5 

140 

i  10  mm.  1 

4-5 

10 

1  95  mm. 

96 

16 

6 

100 

!  12  mm. 

S-S 

16 

1  100  mm. 

34 

ia'A _ 
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There  is  almost  invariably  a  preliminary  rise  of  pressure  amount¬ 
ing  to  about  lo  c.c.  following  the  injection  of  the  first  lo  c.c.  of 
bile.  This  is  more  apt  to  occur  when  the  bile  is  introduced  at  a 
greater  rate  than  we  have  adopted.  As  will  be  pointed  out  later  a 
similar  rise  in  pressure  may  take  place  with  the  injection  of  pure 
sodium  taurocholate  in  aqueous  solution  and  it  seems  probable  that 
to  this  constituent  must  be  attributed  the  slight  rise  in  pressure 
which  occurs  with  the  injection  of  pure  bile.  Following  the  pre¬ 
liminary  rise  of  pressure  there  is  a  progressive  and  concurrent 
lowering  of  the  blood  pressure  with  the  further  injection  of  bile.  It 
is  not  until  from  lo  to  i8  c.c.  have  been  introduced  that  the  heart 
rate  shows  a  distinct  slowing  and  we  have  found  that  after  the 
blood  pressure  has  fallen  30  to  40  mm.  Hg  from  its  original  height 
there  is  a  definite  drop  in  the  heart  rate.  The  fact  that  the  blood 
pressure  is  affected  as  soon  as  the  bile  is  introduced  while  the  rate 
of  the  heart  beat  is  not  altered  until  a  quantity  of  bile  varying  from 
10  to  18  c.c.  have  been  injected,  would  tend  of  itself  to  show  that 
these  phenomena  are  not  the  result  of  the  same  action.  The  lower¬ 
ing  of  the  blood  pressure  must  have  a  different  physiological  causa¬ 
tion  than  the  slowing  of  heart  rate,  and  this  is  suggestive  of  the 
possibility  that  different  constituents  of  the  complex  bile  are  re¬ 
sponsible  for  these  two  effects.  The  lowering  of  blood  pressure 
must,  unquestionably,  be  due  either  to  a  weakening  of  the  ventricular 
contraction  by  direct  poisoning  of  the  muscle  fibers  or  to  paralysis 
of  the  intracardiac  ganglia — as  to  which  of  these  possibilities  is  the 
correct  one,  is  not  of  essential  importance.  The  lowering  of  blood 
pressure  is  not  due  to  vaso-dilation,  as  was  found  from  the  study 
of  a  plethysmographic  record  of  a  dog’s  hind  limbs  during  the 
injection  of  the  whole  bile.  The  limb  did  not  show  an  increase  in 
volume. 

Meltzer  and  Salant  pointed  out  that  the  introduction  of  bile 
causes  an  increase  of  the  vagus  tone.  They  determined  the  smallest 
strength  of  low  current  necessary  to  produce  cardiac  effects  on 
stimulation  of  the  vagus  in  the  animal  before  injection  of  bile,  and 
compared  this  with  the  strength  of  current  required  to  produce  the 
same  effect  after  the  introduction  of  a  certain  quantity  of  bile.  A 
smaller  strength  of  current  was  necessary  for  the  latter.  In  several 


John  H.  King  and  Hugh  A.  Stewart.  ()77 

of  our  experiments  we  observed  that  section  of  the  vagi  relieved  im¬ 
mediately  the  bradycardia  and  arythmia  produced  by  bile  injection. 
In  one  instance  the  heart  had  stopped  for  about  two  minutes,  and  on 
cutting  the  vagi  it  resumed  its  normal  rate  and  rhythm.  In  the  same 
way  the  injection  of  atropine  will  relieve,  more  or  less  completely, 
the  bradycardia  produced  by  bile.  Weintraud  has  reported  a  case 
of  obstructive  jaundice  where  the  injection  of  .0012  gm.  atropine 
increased  the  heart  rate  from  60  to  120  per  minute.  In  addition  to 
the  slowing  in  rate  there  is  a  slight  delay  in  conduction  tone  between 
auricle  and  ventricle  amounting  in'* our  experiments  from  2/100  to 
5/100  seconds. 

It  would  appear  then  that  there  is  ample  experimental  proof  that 
the  bradycardia  of  jaundice  is  the  result  of  a  heightened  tone  or 
direct  stimulation  of  the  vagus  fibers  in  the  heart,  and  that  the 
lowering  of  blood  pressure  is  caused  by  a  direct  poisoning  action  on 
the  heart  muscle  or  intracardiac  ganglia,  and  it  is  in  no  way  asso¬ 
ciated  with  the  change  in  rate. 

Effect  of  Injection  of  Separate  Constituents  of  the  Bile. — Having 
thus  established  the  lethal  dose  of  bile  for  dogs  at  a  uniform  rate  of 
injection,  and  the  effects,  in  their  sequence,  which  follow  the  intro¬ 
duction  of  whole  bile,  the  separate  constituents  were  then  injected 
111  their  normal  concentration.  The  bile  of  the  pig,  like  that  of  the 
rabbit  and  hare,  contains  almost  exclusively  glycocholic  acid,  and 
this  is  present  in  the  concentration  of  1.9  parts  per  100.  A  solution 
somewhat  in  excess  of  this  strength  of  sodium  glycocholate  namely, 
3.2  parts  per  100,  was  accordingly  made  up  and  injected  into  three 


animals. 

TABLE  II. 

Experiment. 

Blood  pressure 
before. 

Rate  before. 

Blood  pressure 
after. 

Rate  after. 

Bile  in  c.c. 

13 

140 

140 

14s 

142 

45 

18 

125 

176 

125 

126 

40 

17 

13s 

216 

165 

202 

40 

These  three  experiments  are  of  interest  since  they  show  that  no 
harmful  effects  are  produced  on  the  heart  or  circulation  by  the 
amount  of  glycocholate  present  in  a  lethal  dose  of  bile.  In  these 
three  experiments  the  blood  pressure  either  remained  constant 
throughout  the  injection  or  else  underwent  a  slight  elevation 
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amounting  in  one  experiment  to  30  mm.  Hg.  Similarly  the  heart 
rate  underwent  no  marked  change.  In  Experiment  No.  18  a  drop 
in  rate  from  176  to  126  is  recorded,  but  this  is  not  of  sufficient 
amount  to  justify  its  being  called  a  bradycardia. 

In  a  similar  way  the  action  of  taurocholate  was  investigated. 
Although  pig’s  bile  contains  only  a  trace  of  this  substance,  we  in¬ 
jected  a  solution  of  sodium  taurocholate  in  water,  in  the  same  con¬ 
centration  as  was  used  with  the  glycocholate,  of  3.2  per  cent.  It 
was  found  that  the  salts  are  identical  in  their  action.  They  cause, 
in  the  strength  in  which  they  are  present  in  normal  pig’s  bile,  neither 
a  fall  of  blood  pressure  nor  a  showing  of  the  heart  rate  when  in¬ 
jected  into  dogs. 

This  result  is  not  in  conformity  with  the  work  previously  done 
on  the  action  of  the  bile  salts  on  the  circulation.  Previous  observa¬ 
tions  on  this  subject  have  been  made  without  any  reference  to  the 
concentration  of  the  salts  in  the  bile.  In  large  enough  doses  and 
in  great  enough  concentration  the  bile  salts  will  undoubtedly  lower 
the  blood  pressure,  and  also  slow  the  heart,  as  was  demonstrated  by 
Legg,  Rohrig  and  others.  This,  however,  must  be  regarded  as  a 
purely  toxic  effect,  from  excessive  dose,  and  is  analogous  to  that 
which  may  occur  with  the  injection  of  practically  any  salt — a  small 
dose  may  be  without  effect,  a  large  dose  fatal. 

Cholcstcrin. — A  recent  article,  by  Danilewsky  (16),  on  the  action 
of  the  products  of  metabolism,  contains  the  statement  that  choles- 
terin  is  a  direct  stimulant  to  the  muscular  fibers  of  the  heart.  This 
author  found  that  cholesterin  is  slightly  soluble  in  Ringer’s  solution 
to  the  extent  of  only  .005  per  cent.,  and  that  even  in  this  concen¬ 
tration  it  will  cause  a  distinct  augmentation  of  systole.  We  have 
not  repeated  Danilewsky’s  experiment,  but  the  results  we  have 
obtained  by  the  injection  of  an  alcoholic  solution  of  cholesterin  are 
essentially  different  from  what  he  has  reported.  Cholesterin,  of 
which  0.16  parts  per  100  are  present  in  pig’s  bile,  can  readily  be 
removed  by  repeated  shaking  of  the  bile  with  ether  in  a  separating 
funnel.  If  the  bile  from  which  the  cholesterin  has  been  removed 
in  this  manner  be  injected  it  will  be  found  that  the  lethal  dose  is  in 
no  way  altered,  i.  e.,  it  still  remains  between  30  and  40  c.c.  of  bile. 
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This  would  tend  to  show  that  cholesterin  does  not  possess  very  toxic 
properties,  but  we  have  found  that  when  it  is  injected  in  alcoholic 
solution  toxic  effects  are  produced  by  the  amount  present  in  a  lethal 
dose  of  bile.  Table  III  shows  the  effect  of  the  injection  of  choles¬ 
terin  in  alcoholic  solution. 


TABLE  III. 

Experiment. 

Concentration. 

Lethal  dose. 

Amount  of  cholesterin 
in  lethal  dose. 

Weight  of 
animal. 

21 

3.2  per  cent. 

7.9  C.C. 

0.025  gm. 

16  lbs. 

22 

3.2  per  cent. 

4.6  c.c. 

0.014  gm- 

9  lbs. 

27 

3.2  per  cent. 

55  c.t. 

0.176  gm. 

12  lbs. 

It  is  evident  from  these  experiments  that  cholesterin  in  alcoholic 
solution  has  a  greater  toxic  effect  than  it  does  in  the  bile.  Since 
o.i6  per  cent,  of  cholesterin  is  present  in  normal  pig’s  bile,  and  the 
lethal  dose  of  bile  for  dogs  is  40  c.c.  even  assuming  that  the  toxicity 
did  entirely  depend  on  this  substance,  it  will  be  seen  that  an  amount 
less  than  0.064  grams  of  cholesterin  in  bile  is  non-lethal.  In  alco¬ 
holic  solution,  however,  the  toxic  dose  of  cholesterin  as  given  in 
the  table  above  is  from  0.014  to  0.025  grams.  It  is  difficult  at 
first  sight  to  correlate  the  results  of  these  experiments  with  those 
obtained  by  the  removal  of  cholesterin  by  ether.  It  is  possible  that 
this  disagreement  is  the  result  of  an  experimental  difficulty.  Cho¬ 
lesterin  is  soluble  only  in  warm  alcohol,  and  with  a  slow  injection  it 
is  difficult  to  prevent  small  quantities  of  cholesterin  from  precipi¬ 
tating  just  as  the  solution  enters  the  veins.  The  precipitated  cho¬ 
lesterin  is  thus  carried  as  small  emboli,  which  in  reaching  the  heart 
act  as  violent  poisons.  Cholesterin  must  be  regarded,  however,  as 
contributing  in  some  measure  to  the  toxicity  of  bile  injected  intra¬ 
venously,  but  it  is  unlikely  that  it  plays  any  part  in  the  circulatory 
disturbances  of  jaundice,  since  it  is  now  known  that  cholesterin 
does  not  circulate  as  do  the  bile  salts  and  pigments. 

Bile  Pigments. — We  wish  especially  to  draw  attention  to  the 
results  we  have  obtained  with  the  injection  of  the  bile  pigments, 
bilirubin  and  biliverdin.  Pig’s  bile  contains  the  two  pigments  bili¬ 
rubin  and  biliverdin,  the  latter  being  a  higher  oxidation  product  of 
the  former. 

As  it  is  exceedingly  hard  to  obtain  bilirubin  in  the  pure  state, 
and  as  the  cost  precluded  us  from  making  any  extensive  observations 
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with  this  pigment,  we  studied  more  especially  biliverdiii,  which  we 
were  able  to  prepare  for  ourselves  in  the  laboratory. 

If  the  bile  be  treated  with  a  weak  salt  of  calcium,  as  a  5  per  cent, 
solution  of  calcium  lactate,  the  precipitate  collected  and  the  filtrate 
injected  into  an  animal,  it  will  be  found  that  the  filtrate  is  non- toxic, 
the  animal  being  able  to  withstand  the  injection  of  many  times  the 
amount  contained  in  a  lethal  dose  of  bile. 

Table  IV  gives  the  results  of  three  such  injections. 


Experiment. 

11 

12 
32 


Bile  filtrate. 

50  C.C. 
43  C.C. 
100  C.C. 


TABLE 

Blood  pressure 
before. 

150  mm.  Hg. 
170  mm.  Hg. 
140  mm.  Hg. 


Blood  pressure 
after. 

150  mm.  Hg. 
no  mm.  Hg. 
14s  mm.  Hg. 


Corresponding 
amount  of  bile. 

100  C.C. 

86  C.C. 
166  C.C. 


These  experiments  prove  that  the  toxic  elements  have  been  re¬ 
moved  from  the  bile  by  the  addition  of  a  calcium  salt.  As  has  been 
emphasized  by  Gamgee  (17),  the  bile  pigments  act  as  weak  acids 
and  the  precipitate  formed  by  the  addition  of  a  soluble  calcium  salt 
to  the  bile  consists  almost  entirely  of  the  calcium  salt  in  these  in¬ 
stances.  The  experiments  are  of  differential  nature  in  the  determi¬ 
nation  of  the  toxicity  of  the  different  bile  constituents.  The  filtrate 
contains  all  the  elements  of  the  bile  except  the  pigments,  i.  e.,  the 
bile  salts,  cholesterin,  lecithin,  etc.,  yet  the  injection  of  an  amount 
equal  to  several  lethal  doses  of  whole  bile  gives  rise  to  no  disturb¬ 
ance  of  pulse  rate  or  blood  pressure. 

It  would  be  natural  to  expect  that  the  compound  precipitate  of 
calcium  contains  all  the  toxic  elements  of  the  bile.  This  compound 
is  only  slightly  soluble  in  water,  but  completely  so  in  alcohol.  If 
an  alcoholic  solution  be  injected  into  an  animal  it  will  be  found, 
contrary  to  expectation,  that  the  amount  of  pigment  obtained  from 
several  lethal  doses  of  bile  can  be  injected  with  practically  no  toxic 
effect. 


TABLE  V. 

Experiment. 

Amount  of 
pigment  in 

Blood  pressure 
after. 

Rate 

after. 

33 

75  C.C.  bile 

135  mm.  Hg.  198 

14s  mm.  Hg. 

170 

May  17 

60  C.C.  bile 

17s  mm.  Hg. 

125  mm.  Hg. 

May  8 

20  C.C.  bile 

15s  mm.  Kg. 

IS5  mm.  Hg. 

John  H.  King  and  Hugh  A.  Stewart. 


681 


The  only  explanation  which  suggested  itself  to  us  was  that  the 
pigment  had  lost  its  toxicity  by  its  union  with  calcium.  We  there¬ 
fore  proceeded  to  put  this  hypothesis  to  experimental  test.  The 
calcium  biliverdin  precipitate  was  accordingly  treated  with  a  lo  per 
cent,  solution  of  hydrochloric  acid  and  the  precipitate  washed  with 
water  until  the  washings  were  neutral  to  litmus.  By  this  procedure 
the  calcium  was  split  off  from  its  union  with  the  pigment  to  form 
salts,  leaving  behind  in  a  pasty  mass  the  uncombined  biliverdin. 
The  biliverdin  was  then  dissolved  in  alcohol  and  injected  intrave¬ 
nously.  The  results  showed  in  two  experiments  that  the  injection  of 
pigment  reproduced  all  the  effects  of  the  injection  of  whole  bile, 
except  the  initial  rise  of  blood  pressure.  Further  the  lethal  dose  of 
uncombined  pigment  thus  injected  corresponded  almost  exactly  to 
the  amount  of  pigment  contained  in  a  lethal  dose  of  whole  bile. 

The  following  is  a  protocol  of  a  typical  experiment: 

March  17,  1909. — Fox  terrier;  male;  weight  12  lbs.  Injection  of  alcoholic 
solution  of  biliverdin  prepared  from  calcium  precipitate  of  200  c.c.  of  bile,  freed 
of  cholesterin,  lecithin,  fats,  mucus  and  bile  salts. 

Pigment  dissolved  in  35  c.c.  95  per  cent,  alcohol. 


Burette. 

Heart  blood  pressure. 

Rate. 

26.7 

135.0 

156 

27.6 

128.5 

134 

29-5 

125.0 

126 

30.9 

120.0 

122 

32.S 

98.0 

1 12 

337 

750 

100 

344 

60.0 

64 

347 

1 0.0 

Complete  stoppage 

8.0  c.c. 

Dog  died  after  8.0  c.c. 

had  been  injected. 

The  lethal  dose  of  uncombined  pigment  in  six  experiments  is 


given  in  Table  VI. 

TABLE  VI. 

Experiment. 

16 

Pigment  in  20  c.c.  bile  lethal. 

Weight  of  animal  15  lbs. 

24 

Pigment  in  30  c.c.  bile  lethal. 

Weight  of  animal  15  lbs. 

29 

Pigment  in  45  c.c.  bile  lethal. 

31 

Pigment  in  28  c.c.  bile  lethal. 

W eight  of  animal  31  lbs. 

May  18 

Pigment  in  22  c.c.  bile  lethal. 

Weight  of  animal  iii  lbs. 

May  19 

Pigment  in  30  c.c.  bile  lethal. 

Weight  of  animal  24  lbs. 

Average  30 

c.c.  approximately. 
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In  order  to  render  conclusive  the  observations  upon  the  toxity  of 
uncombined  pigment  and  the  relative  non-toxicity  of  calcium  pig¬ 
ment,  we  made  three  experiments  from  the  same  sample  of  bile, 
first  to  obtain  the  lethal  dose  of  this  special  sample,  second  to  obtain 
the  lethal  dose  of  the  uncombined  pigments  obtained  from  it,  and 
third  to  obtain  the  amount  of  combined  pigment  which  the  animal 
would  stand  without  showing  toxic  symptoms.  The  whole  bile 
which  had  been  filtered  was  injected  at  the  uniform  rate  of  0.5  c.c. 
per  minute  into  the  jugular  vein  of  an  animal  weighing  14  pounds. 
After  16  c.c.  had  been  introduced  the  blood  pressure  fell  from  its 
original  height  of  123  mm.  Hg  to  70  mm.  Hg  and  the  pulse  rate 
dropped  from  160  to  120  per  minute.  Thereafter  the  blood  pres¬ 
sure  fell  steadily  to  zero  and  the  heart  stopped  in  diastole  when 
35  c.c.  of  bile  had  been  injected.  This  gives  a  lethal  dose  of  2.5 
c.c.  per  pound  weight. 

Having  thus  established  the  lethal  dose  of  the  sample  of  bile  with 
which  we  were  experimenting,  we  then  precipitated  the  pigment 
from  200  c.c.  of  bile.  The  precipitate  was  dried  and  powdered  and 
divided  into  two  equal  portions.  One  portion  was  treated  with 
10  per  cent,  hydrochloric  acid  to  remove  the  calcium,  washed  and 
dissolved  in  25  c.c.  of  95  per  cent,  alcohol.  The  other  portion  of 
the  precipitate  which  consisted  of  the  calcium  salt  of  the  pigment 
was  dissolved  in  the  same  amount  of  alcohol  without  previous  treat¬ 
ment  with  hydrochloric  acid.  It  was  found  that  7.1  c.c.  of  the 
first  alcoholic  solution  was  lethal  for  a  dog  of  24  pounds,  and  this  in 
terms  of  whole  bile  gives  a  lethal  dose  of  1.4  c.c.  of  bile  per  pound 
of  weight.  In  marked  contrast  to  this  we  found  that  15  c.c.  of 
the  alcoholic  solution  of  calcium  biliverdin,  injected  under  the  same 
conditions  as  the  uncombined  pigment,  caused  only  a  slight  fall  in 
the  pressure  in  an  animal  weighing  22  pounds,  and  the  animal  sur¬ 
vived  the  injection  without  untoward  effects.  This  amount  of  pig¬ 
ment  corresponded  to  that  present  in  60  c.c.  of  bile.^ 

In  addition  to  calcium,  the  bile  pigments  form  compounds  witli 

“Two  experiments  were  made  with  injection  of  alcohol  intravenously  into 
dogs.  It  was  found  that  alcohol  (95  per  cent.)  up  to  17  c.c.  injected  at  the 
same  rate  as  that  used  for  the  rest  of  experiments,  did  not  lower  the  blood 
pressure  or  produce  bradycardia,  and  in  our  experiments  we  never  used  as  much 
alcohol  as  this. 
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sodium  and  these  substances  also  are  relatively  non-toxic.  It  seems 
to  us  that  this  property  of  the  bile  pigments  of  combining  with  cal¬ 
cium  and  sodium  is  responsible  for  the  frequently  expressed  view 
that  the  pigments  have  no  toxic  effect  upon  the  heart.  Several  in¬ 
vestigators  in  studying  this  subject  used  as  solvents  for  the  pig¬ 
ments  weak  solutions  of  sodium  hydroxide,  but  they  apparently  lost 
sight  of  the  fact  that  there  is  in  addition  to  the  physical  solution  a 
definite  chemical  interaction  with  the  formation  of  a  sodium  com¬ 
pound,  and  as  above  stated  this  compound  does  not  possess  the  toxic¬ 
ity  of  uncombined  pigment. 

In  order  further  to  study  the  role  of  calcium  in  the  action  of 
pigment,  and  especially  to  determine  whether  in  obstructive  jaundice 
the  pigments  circulating  in  the  blood  unite  with  all  the  available 
calcium  in  order  to  render  themselves  non-toxic,  we  tied  the  common 
bile  duct  in  three  dogs  and  made  a  careful  analysis  of  the  calcium 


content  of  the  organs  and  tissues. 

Blood. 

Normal. 

Jaundiced. 

No.  I  0.050  gm.  Ca. 

No.  I  0.060  gm.  Ca. 

20  per  cent,  increase. 

No.  II  0.045  gm-  Ca. 

No.  II  0.053  gm.  Ca. 

16  per  cent,  increase. 

No.  Ill  0.060  gm.  Ca. 

20  per  cent,  increase. 

Muscle. 

No.  I  0.030  gm.  Ca. 

No.  I  0.025  gm.  Ca. 

17  per  cent,  decrease. 

No.  II  0.024  gm.  Ca. 

20  per  cent,  decrease. 

Liver. 

No.  I  0.030  gm.  Ca. 

No.  I  0.015  gm.  Ca. 

50  per  cent,  decrease. 

No.  II 

No.  II 

- 

Brain. 

No.  I  0.073  gm.  Ca. 

No.  I  0.069  gm.  Ca. 

6  per  cent,  decrease. 

No.  II 

It  will  be  noticed  that  throughout  there  is  a 

definite  increase  in 

the  calcium  content  of  the  blood  and  a  definite  diminution  in  all 
the  organs  and  tissues  analyzed.  In  view  of  what  has  already  been 
said  with  regard  to  the  readiness  with  which  the  pigments  unite  with 
calcium  to  form  a  non-toxic  substance,  these  results  in  the  opinion 
of  the  writers  can  be  interpreted  in  the  following  way;  The  bile 
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pigments  circulating  in  the  blood  in  obstructive  jaundice  gradually 
absorb  the  available  calcium  of  the  organs  and  tissues  to  form  the 
calcium  compounds,  in  this  way  increasing  the  calcium  content  of 
the  blood  and  producing  a  corresponding  diminution  in  that  of  the 
tissues.  It  is  possibly  a  protective  mechanism,  and  from  another 
aspect  brings  into  prominence  the  importance  of  calcium  as  a  regu¬ 
lator  in  disturbances  of  the  body  mineral  and  organic  metabolism. 

CONCLUSION. 

1.  We  have  confirmed  previous  work  which  shows  that  the  in¬ 
jection  of  bile  increases  the  tone  of  the  vagus  nerve,  and  that  this 
action  can  be  abolished  after  the  administration  of  atropine. 

2.  We  have  found  that  the  amount  of  bile  salts  in  a  lethal  dose 
of  pig’s  bile  for  dogs  will,  if  inejcted  alone,  produce  neither  a  fall 
in  blood  pressure  nor  a  slowing  in  rate. 

3.  We  have  found  that  the  amount  of  pigment  in  a  lethal  dose 
of  the  bile  will,  if  injected  alone,  cause  death  with  slowing  of  the 
heart  and  lowering  of  blood  pressure. 

4.  We  have  found  that  the  bile  pigment  in  combination  with 
calcium  or  sodium  is  less  toxic  than  uncombined  pigment. 

5.  We  have  found  that  in  experimentally  produced  jaundice  the 
calcium  content  of  the  blood  is  increased,  while  that  of  the  liver, 
muscle  and  brain  are  decreased. 

6.  We  are  of  the  opinion  that  increase  in  calcium  in  the  blood 
is  a  protective  mechanism  against  the  circulating  pigments  of  ob¬ 
structive  jaundice. 
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ENZYMES  OF  TUBERCULOUS  EXUDATES.^ 


By  EUGENE  L.  OPIE  and  BERTHA  I.  BARKER. 

(From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research, 

New  York.) 

Ill  a  former  publication^  we  have  shown  that  tuberculous  tissue 
contains  an  enzyme  which  digests  protein  with  considerable  activity 
in  the  presence  of  an  acid  medium.  This  enzyme  is  present  in  the 
tubercle  at  all  stages  of  its  development  and  disappears  only  after 
caseation  has  occurred.  During  the  formation  of  the  lesion  poly¬ 
nuclear  leucocytes  are  abundant  and  for  the  first  weeks  after  inocu¬ 
lation  the  newly  formed  tissue  exhibits  the  enzymotic  activity 
characteristic  of  these  cells,  namely,  an  ability  to  digest  protein  in 
the  presence  of  an  alkaline  medium.  At  the  end  of  about  four 
weeks  polynuclear  leucocytes  have  in  great  part  disappeared  and 
the  tissue  has  almost  wholly  lost  its  power  to  digest  protein  in  the 
presence  of  alkali.  Since  the  tissue  at  this  time  consists  almost 
wholly  of  mononuclear  epithelioid  cells  it  may  be  assumed  that  they 
contain  the  enzyme  which  digests  in  an  acid  or  in  an  approximately 
neutral  medium  but  fails  to  digest  in  the  presence  of  an  alkaline 
medium.  The  cells  of  the  tubercle  are  similar  in  appearance  to  the 
large  mononuclear  phagocytes  of  an  inflammatory  exudate  and  to 
the  phagocytic  cells  which  are  abundant  in  the  sinuses  of  lymphatic 
glands  in  the  neighborhood  of  a  focus  of  inflammation,  and  all 
these  cells  cause  digestion  of  protein  under  the  same  conditions. 
The  enzyme  of  such  cells  differs  from  the  autolytic  enzyme  of  vari¬ 
ous  organs,  for  example  of  the  liver,  in  its  greater  activity.'"* 

The  demonstration  of  an  active  proteolytic  enzyme  in  the  epi¬ 
thelioid  cells  of  the  tubercle  derives  importance  from  the  fact  that 
these  cells  ingest  and  apparently  dissolve  tubercle  bacilli  and  other 

*  Received  for  publication  January  14,  1909. 

^  Jour,  of  Expcr.  Med.,  1908,  x,  645. 

’‘Jour,  of  Exper.  Med.,  1906,  viii,  410;  and  1908,  x,  645. 
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cells.  It  is  noteworthy  that  Bergel^  has  recently  obtained  evidence 
that  the  same  cells  contain  an  enzyme  which  digest  soft  wax  and 
such  fatty  substances  as  neutral  butter  fat  and  neat’ s-foot  oil.  The 
following  observations  which  in  large  part  confirm  those  of  our 
previous  study  have  been  made  during  the  course  of  experiments 
undertaken  for  another  purpose. 

The  serum  of  the  blood  even  in  small  quantity  inhibits  the  action 
of  the  enzyme  contained  in  the  polynuclear  leucocytes  (leucoprot- 
ease)  and  this  antienzymotic  action  is  exerted  as  well  by  the  serum 
of  an  inflammatory  exudate.  Our  former  study  has  shown  that 
the  serum  of  a  tuberculous  exudate  obtained  by  injecting  tubercle 
bacilli  into  the  pleural  cavity  of  the  dog  exhibits  the  same  anti¬ 
enzymotic  action  upon  leucoprotease.  Moreover,  the  serum  of  the 
blood  likewise  inhibits  that  enzyme  which,  constantly  present  in 
tuberculous  tissue,  digests  protein  in  the  presence  of  acid,  but  experi¬ 
ments  recorded  in  our  former  publication  have  shown  that  the  power 
of  the  serum  of  the  tuberculous  exudate  to  inhibit  the  enzymes  of  tu¬ 
berculous  tissue  may  be  much  less  than  that  of  the  blood.  Never¬ 
theless  these  experiments  were  inconclusive  because  the  tuberculous 
tissue  employed  for  the  test  was  obtained  only  two  weeks  after  in¬ 
oculation  at  a  time  when  polynuclear  leucocytes  were  numerous  and 
leucoprotease  (inhibited  by  the  serum)  was  present  in  abundance. 
Partial  inhibition  may  have  been  referable  to  the  action  of  the  serum 
on  leucoprotease.  In  the  following  experiment,  although  the  tuber¬ 
culous  tissue  employed  exhibited  some  digestion  in  alkali  (indicating 
the  presence  of  leucoprotease),  digestion  in  acid  was  predominant. 
The  methods  employed  have  been  fully  described  in  the  article  men¬ 
tioned  above. 

Experiment  i. — Tuberculous  tissue  from  the  mediastinum  of  a  dog  forty- 
two  days  after  inoculation  of  the  right  pleural  cavity  with  Bacillus  tuberculosis 
(human),  was  passed  through  a  miniature  sausage  machine  and,  suspended  in 
salt  solution  with  addition  of  toluol  in  small  quantity,  was  allowed  to  stand  in 
the  ice  chest.  The  fluid  freed  from  large  solid  particles  by  filtration  through 
gauze  was  incubated  (5  c.c.  being  used  for  each  test)  during  five  days  with 
coagulated  protein  in  the  presence  of  0.2  per  cent,  acetic  acid,  0.2  per  cent, 
sodium  carbonate  and  in  approximately  neutral  medium  (the  volume  of  each 
mixture  being  25  c.c.),  in  order  to  test  its  proteolytic  activity. 


^  Miinchcner  mcd.  Woch.,  1909,  Ivi,  64. 
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The  suspension  of  tuberculous  tissue  (enzyme)  plus  coagulated  protein 
contains  nitrogen  in  incoagulable  substances  represented  by  2.6  c.c. 


0.2  per  cent. 
Acetic  acid. 

Sodiunf'carbonate 

Extract  of  tuberculous  tissue -j- coagulated 

protein  after  5  days  at  37°  C . 

9.9 

6.6  55 

Digestion  (control  being  2.6) . 

7-3 

4.0  2.9 

The  same  suspension  of  tuberculous  tissue  was  allowed  to  act  upon  the  same 
quantity  of  coagulated  protein  in  the  presence  of  various  quantities  both  of 
blood  serum  and  of  serum  from  a  tuberculous  exudate  removed  from  the 
pleural  cavity  of  a  dog  forty-seven  days  after  inoculation. 


After  5  days 
at  37^  C. 


Ext.  tuberculous  tissue  +  coag.  protein, 

Ext.  tuberculous  tissue  -|-  coag.  protein 
Ext.  tuberculous  tissue  -1-  coag.  protein  -f- 
Ext.  tuberculous  tissue  -|-  coag.  protein  -|- 
Ext.  tuberculous  tissue  -h  coag.  protein  -f 
Ext.  tuberculous  tissue  -|-  coag.  protein  -f- 

Ext.  tuberculous  tissue  -b  coag.  protein  -b 
Ext.  tuberculous  tissue  +  coag.  protein  -b 
Ext.  tuberculous  tissue  +  coag.  protein  -b 
Ext.  tuberculous  tissue  +  coag.  protein  -b 
Ext.  tuberculous  tissue  -b  coag.  protein  -b 


2.5 

exuded  tuberculous  serum. 

6.6 

9.85 

I 

exuded  tuberculous  serum. 

7-55 

0.5 

exuded  tuberculous  serum. 

6.35 

0.2s  exuded  tuberculous  serum. 

5.3 

O.I 

exuded  tuberculous  serum, 

4.0 

2.5 

blood  serum. 

3.9 

I 

blood  serum, 

3.55 

0.5 

blood  serum. 

3-5 

0.25  blood  serum. 

3.45 

o.i 

blood  serum, 

3.4 

The  action  of  the  exuded  tuberculous  serum  (i  and  0.5  c.c.)  employed  in 
this  experiment  upon  coagulated  protein  under  conditions  similar  to  those 
described  above  is  shown  by  the  following  tests : 

Exuded  tuberculous  serum  (i  c.c.)  plus  coagulated  protein  contains  nitrogen 
in  incoagulable  substances  represented  by  1.65  c.c.  N/10  sulphuric  acid  (control). 

I  c.c.  exuded  tuberculous  serum  +  coag.  protein,  4.3  2.65 

0.5  c.c.  exuded  tuberculous  serum  -b  coag.  protein,  1.9  0.25 

The  foregoing  experiment  shows  that  the  addition  of  i  or  2.5  c.c. 
of  exuded  tuberculous  serum  not  only  fails  to  inhibit  digestion  by 
tuberculous  tissue  in  a  neutral  medium  but  actually  increases  it. 
Digestion  caused  by  this  tuberculous  tissue  in  a  neutral  medium  is 
due  to  the  action  of  two  enzymes  one  of  which  digests  in  acid  and 
neutral  media  but  fails  to  digest  in  alkali  (enzyme  of  epithelioid 
cells),  whereas  the  other  digests  in  alkaline  and  in  neutral  media  but 
fails  to  digest  in  acid  (leucoprotease).  Inhibition  of  the  latter 
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enzyme  alone  may  explain  the  diminished  digestion  in  the  presence 
of  very  small  quantities  (o.i  to  0.5  c.c.)  of  exuded  tuberculous 
serum — quantities  too  small  to  exhibit  the  proteolytic  activity  which 
is  exerted  by  i  c.c.  but  not  by  0.5  c.c.  of  serum  (see  experiment). 

In  the  experiments  just  described  serum  was  separated  from  the 
cells  of  the  exudate  by  centrifugalization.  Since  the  cells,  though 
scant  in  quantity,  contain  additional  enzyme,  the  whole  exudate  will 
probably  exert  greater  proteolytic  activity  than  the  serum  alone. 
This  suggestion  is  confirmed  by  the  following  test ; 

Experiment  2. — Turbid  fluid  was  withdrawn  from  the  right  pleural  cavity 
on  the  seventy-sixth  day  after  inoculation  with  Bacillus  tuberculosis. 

Control.  Digestion. 

37  • 

I  c.c.  tuberculous  exudate  -|-  coag.  protein,  1.2  (approx.)  7.25  6.05  (approx.) 

I  c.c  ser.  of  tuberc.  exudate  -|-  coag.  protein,  1.2  4.85  3.65 

The  same  test  was  repeated  with  exudate  withdrawn  two  days  latter. 


Control.  After  5  days 
at  37O. 

Diges¬ 

tion. 

I  c.c.  tuberculous  exudate  -p  coag.  protein. 

1-45 

4-75 

3-3 

I  c.c.  serum  of  tuberculous  exudate  -j-  coag.  protein. 

1.2 

305 

1.85 

In  this  experiment  proteolytic  action  exerted  by  the  whole  exu¬ 
date  has  been  relatively  weak  because  cells  have  been  present  in 
scant  amount.  Since  the  whole  exudate  digests  with  greater 
activity  than  its  serum  alone  it  is  evident  that  the  presence  of  serum 
increases  the  enzymotic  action  of  the  cells. 

Unusual  opportunity  to  study  the  proteolytic  action  of  cells  of  a 
tuberculous  exudate  was  afforded  by  a  fluid  removed  from  the 
pleural  cavity  fifty-seven  days  after  intrapleural  infection  with  a 
virulent  (bovine)  tubercle  bacillus.  Tbe  exudate  which  was  small 
in  amount  was  thick  and  resembled  pus.  Cells,  in  great  part  large 
mononuclear  cells,  were  present  in  great  abundance  and  serum  was 
scant  in  amount. 

Experiment  3. — Fifty-seven  days  after  intrapleural  inoculation  with  i  c.c. 
of  a  translucent  suspension  of  Bacillus  tuberculosis  (bovine)  death  has  occurred 
and  the  pleural  surfaces,  mediastinum  and  adjacent  lymphatic  glands  exhibit 
abundant  newly  formed  tuberculous  tissue  which  is  in  part  caseous.  The  right 
pleural  cavity  contains  3  c.c.  of  thick  yellow  pus-like  fluid;  agar-agar  inoculated 
with  this  fluid  has  remained  sterile.  Microscopic  examination  of  the  exudate 


L 


690 


Enzymes  of  Tuberculous  Exudates. 


shows  that  it  contains  an  immense  number  of  cells.  Large  mononuclear  cells 
with  round  oval  or  indented  nuclei,  and  abundant  protoplasm,  form  the  greater 
bulk;  these  cells  which  resemble  the  epithelioid  cells  of  tuberculous  tissue  in  the 
dog  often  contain  tubercle  bacilli.  Polynuclear  leucocytes  occur  in  large  number 
and  lymphocytes  are  numerous.  It  is  not  possible  to  determine  the  relative 
number  of  the  different  kinds  of  cells  because  the  large  mononuclear  cells  in 
considerable  part  occur  in  clumps,  whereas  the  other  cells  are  scattered. 

Nitrogen  of  incoagulable  substances  in  0.25  c.c.  exudate  plus  coagulated 
protein  is  represented  by  2.4  c.c.  N/10  sulphuric  acid. 


Acetic  acid. 
0.2  per  cent. 

0.25  c.c.  tuberculous  exudate  +  coag.  protein 


after  5  days  at  37°  C .  14.4 

Digestion  .  12.0 


Neutral. 


Carbonate. 
0.2  per  cent. 


14-45  6.2 

12.05  3.8 


Whereas  in  Experiment  2,  i  c.c.  of  serous  tuberculous  exudate 
has  caused  digestion  represented  by  7.25  c.c.  of  N/io  sulphuric  acid, 
in  the  foregoing  experiment  0.25  c.c.  of  the  tuberculous  exudate 
(without  addition  of  acid  or  of  alkali)  has  caused  digestion  repre¬ 
sented  by  14  c.c.  Ay  10  sulphuric  acid.  The  polynuclear  leucocytes 
of  pus  cause  maximum  digestion  in  the  presence  of  alkali,  but  this 
pus-like  exudate  which  consists  in  great  part  of  large  mononuclear 
cells,  digests  with  far  greater  activity  in  a  neutral  or  acid  than  in  an 
alkaline  medium.  Nevertheless  in  the  exudate  used  in  Experiment 
3  polynuclear  leucocytes  are  present  and  there  is  referable  to  them 
some  digestion  in  an  alkaline  medium. 

Former  experiments  have  shown  that  the  enzyme  of  polynuclear 
leucocytes  digests  in  neutral  as  well  as  in  alkaline  media.  In  the 
foregoing  experiment  digestion  in  neutral  medium  is  referable  to  the 
two  enzymes  acting  together.  When  allowance  is  made  for  this 
fact  it  is  evident  that  digestion  in  acid  caused  by  the  mononuclear 
cells  which  are  predominant  must  be  more  active  in  an  acid  than  in 
neutral  medium — a  conclusion  in  accord  with  previous  observa¬ 
tions  made  with  tuberculous  tissue. 

Our  former  study  has  shown  that  the  serum  of  a  pleural  tubercu¬ 
lous  exudate  (obtained  by  experimental  inoculation)  unlike  the 
serum  of  the  blood  or  the  serum  of  an  inflammatory  exudate  ob¬ 
tained  by  intrapleural  injection  of  a  sterile  irritant  causes  fairly 
active  digestion  of  protein.  An  attempt  has  been  made  to  determine 
the  conditions  which  influence  this  exceptional  proteolytic  activity. 
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Fractional  precipitation  of  the  proteins  of  the  blood  serum  have 
shown  that  the  globulin  contains  an  enzyme  or  combination  of 
enzymes  which  is  somewhat  more  active  in  a  neutral  than  in  an 
alkaline  medium®;  the  albumin  fraction  contains  antienzyme.  In 
the  whole  serum  the  enzyme  of  the  globulin  is  restrained  by  the  anti¬ 
enzyme  of  the  albumin,  so  that  the  serum  of  the  blood  when  brought 
into  contact  with  denaturalized  protein  fails  to  cause  digestion.  The 
enzymotic  action  of  the  tuberculous  exudate  digesting  more  ener¬ 
getically  in  neutral  than  in  acid  or  alkaline  medium  resembles  that 
of  the  globulin  fraction  of  the  blood.  It  is  not  improbable  that 
proteolysis  in  both  instances  is  brought  about  by  a  combination  of 
two  enzymes.  Such  a  combination  of  two  enzymes,  one  of  which — 
leuco-protease — digests  in  acid  and  neutral  media,  whereas  another, 
e.  g.,  the  enzyme  of  tuberculous  tissue,  digests  in  neutral  and  acid 
media  may  produce  greater  digestion  in  neutral  than  in  either  acid 
or  alkaline  medium.  Of  essential  importance  in  the  present  study  is 
the  observation  that  enzymes  may  exist  in  tuberculous  exudate  unre¬ 
strained  by  anti-enzyme. 

A  considerable  number  of  observations  have  been  tabulated 
(Table  I)  in  order  to  show  the  relationship  of  the  enzymotic 
activity  of  exuded  tuberculous  serum  to  the  duration  and  course 
of  the  infection,  and  to  inoculation  with  different  strains  of  tubercle 
bacilli  (human  and  bovine). 

In  every  instance  one  cubic  centimeter  of  exuded  serum  obtained 
by  centrifugalization  of  the  tuberculous  exudate  has  been  allowed 
to  act  upon  five  cubic  centimeters  of  coagulated  protein  during  five 
days  at  37°  C.  The  figures  in  the  table  represent  the  amount  of 
digestion  which  has  occurred,  and  have  been  obtained  by  subtract¬ 
ing  the  figure  representing  the  control,  1.  e.,  incoagulable  nitrogen 
in  the  mixture  before  incubation,  from  the  figure  representing  in¬ 
coagulable  nitrogen  after  incubation  during  five  days  at  37°C. 

With  the  progress  of  the  infection,  following  inoculation  with 
the  human  type  of  bacillus  there  is  no  increase  of  proteolytic 
activity;  there  is  in  general  a  slight  decrease.  This  observation  is 
contrary  to  the  impression  mentioned  in  our  former  publication  on 
the  subject. 

’Opie  and  Barker,  Jour,  of  Expcr.  Med.,  1907,  ix,  207. 
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In  two  instances  serum  of  exudates  obtained  by  inoculation  with 
the  human  type  of  bacillus  failed  to  cause  noteworthy  digestion. 
In  one  such  instance  fluid  was  removed  after  death ;  in  the  second  the 
animal  had  lost  much  weight  and  was  very  sick. 

In  both  instances  in  which  the  bovine  type  of  tubercle  bacillus 
has  been  used  there  is  an  almost  complete  absence  of  proteolysis, 
whereas  animals  inoculated  with  human  tubercle  bacilli  have  shown 
fairly  active  proteolysis  at  corresponding  periods  after  inoculation. 
It  is  not  improbable  that  this  difference  bears  some  relation  to  the 
virulence  of  the  two  strains,  for  the  bovine  type  kills  dogs  with 
much  greater  certainty  and  after  a  shorter  interval. 

Attempts  have  been  made  to  determine  if  the  serum  of  human 
tuberculous  exudates  causes  proteolysis  similar  to  that  obtained  after 
inoculation  of  dogs.  Such  tests  have  been  uniformly  negative. 
The  following  examples  are  cited  from  a  number  of  almost  identical 
observations  for  which  we  are  indebted  to  Dr.  A.  R.  Dochez. 

Tuberculous  Pleurisy. — McC,  Presbyterian  Hospital  of  New  York.  Yel¬ 
lowish  slightly  turbid  fluid  was  withdrawn  October  21  from  the  pleural  cavity. 
Serum  was  obtained  by  centrifugalization.  No  bacteria  were  grown  from  the 
fluid ;  tubercle  bacilli  were  not  found.  Clinical  diagnosis  is  tuberculous  pleurisy. 


I  c.c.  exuded  tuberculous  (?)  serum  -f-  coag.  protein, 
2.S  C.C.  exuded  tuberculous  (?)  serum  coag.  protein. 


Control. 

i.s 

1.8 


After  s  days 
at  37°C. 

17 

1-9 


Tuberculous  Pleurisy. — Q.,  Presbyterian  Hospital.  Coagulable  fluid  was 
withdrawn  from  the  pleural  cavity;  a  guinea-pig  inoculated  with  this  fluid  died 
with  generalized  tuberculosis.  Serum  obtained  by  centrifugalization  of  the 
pleural  exudate  gave  the  following  result,  tests  being  made  in  duplicate; 


Control. 

After  5  days 
at  37°C. 

I  c.c.  exuded  tuberculous  serum  -j-  coag.  protein. 

2.1 

2.3 

1.9 

2.5  c.c.  exuded  tuberculous  serum  -f  coag.  protein. 

2.2 

2.4 

2.35 

Tuberculous  Peritonitis. — H.  G.,  Presbyterian  Hospital.  Slightly  turbid 
orange  yellow  fluid  was  removed  by  tapping  from  the  peritoneal  cavity;  a  small 
quantity  of  blood  was  present  and  a  coagulum  which  formed  was  somewhat 
blood  stained. 
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Enzymes  of  Tuberculous  Exudates. 


I  c.c.  exuded  tuberculous  serum  +  coag.  protein, 
2.5  c.c.  exuded  tuberculous  serum  +  coag.  protein, 


Control. 

1.6 

2.25 


After  5  days 
at  37'^C. 

1.8 

2.6s 


At  autopsy  the  peritoneal  cavity  contained  150  c.c.  of  yellow  fluid;  the 
omentum  was  thickened,  retracted  and  partly  caseous.  The  peritoneal  surfaces 
were  studded  with  large  tubercles,  undergoing  caseation. 

The  observations  which  have  been  described  confirm  those  pre¬ 
viously  recorded  and  show  that  the  mononuclear  epithelioid  cells  of 
tuberculous  tissue  contain  an  enzyme  which  digests  protein  actively 
in  an  acid  and  with  slightly  less  rapidity  in  an  approximately  neu¬ 
tral  medium,  but  is  almost  wholly  inactive  in  the  presence  of  alkali. 
This  enzyme  unlike  the  enzyme  of  the  polynuclear  leucocytes  is  not 
inhibited  by  the  serum  of  a  tuberculous  exudate  obtained  by  injec¬ 
tion  of  tubercle  bacilli  (human)  into  the  pleural  cavity  of  the  dog, 
although  it  is  inhibited  by  the  blood  serum.  The  serum  of  such  an 
exudate,  moreover,  unlike  the  serum  of  the  blood  is  capable  of 
digesting  denaturalized  protein.  Two  observations  indicate  that 
this  proteolytic  activity  may  disappear  just  before  death.  Such 
proteolytic  activity  is  exhibited  by  exuded  serum  of  animals  inocu¬ 
lated  with  an  organism  to  which  they  are  relatively  insusceptible, 
and  is  absent  in  animals  inoculated  with  a  more  virulent  type 
(bovine)  of  tubercle  bacillus.  Power  to  digest  protein  has  not  been 
demonstrable  in  the  serum  of  human  tuberculous  exudates. 
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INTRODUCTION. 

While  a  great  deal  has  been  learned  within  recent  years  regarding 
the  defensive  reaction  on  the  part  of  the  body  against  foreign  cells 
and  foreign  cell  products,  introduced  from  without,  our  knowledge 
of  the  reactions  of  the  body  against  its  own  cell  derivatives,  and  as 
a  matter  of  fact  against  its  own  cells  is  as  yet  very  meager.  I  use 
the  expression  “  against  its  own  cells  ”  advisedly,  as  there  is  abundant 
evidence  to  show  that  the  body  actually  possesses  forces  which  con¬ 
trol  not  only  normal,  but  also  abnormal  cell  proliferation.  In  study¬ 
ing  the  protective  mechanism  of  the  animal  body  against  its  own 
cells  and  cell  derivatives  we  naturally  look  for  the  same  or  similar 
methods  by  which  it  reacts  to  the  introduction  of  foreign  cells,  and 
we  may  accordingly  consider  the  possibility  of  auto-phagocytosis 
and  auto-antibody  formation.  Both  indeed  seem  to  occur.'  From 
the  evidence  at  hand,  however,  it  does  not  appear  probable  that  auto¬ 
phagocytosis  represents  an  important  method  of  defence,  for  in 
those  cases  in  which  it  is  observed  the  process  seems  purposeless,  and 
rather  a  secondary  result,  the  outcome  of  some  other  process  which 
itself  may  indeed  be  obscured.  I  have  thus  noted  phagocytosis  of 
red  cells  by  large  mononuclear  leucocytes  in  two  cases  of  epidemic 
cerebro-spinal  meningitis,  where  the  corresponding  organisms  could 
be  directly  demonstrated  in  the  circulating  blood.  In  both  cases 
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many  of  the  large  mononuclear  elements  were  engaged  in  the 
phagocytosis  of  diplococci  and  one  gained  the  impression  that 
the  occasional  phagocytosis  of  red  cells  were  accidental  rather  than 
purposeful  (i). 

Mary  W.  Rowley  (2)  has  reported  a  remarkable  instance  of  auto-phago¬ 
cytosis  in  a  peculiar  case  of  anemia  in  which  all  types  of  leucocytes  were  found 
to  be  phagocytic  for  both  red  and  white  cells,  but  in  which  large  mononuclear 
elements  also  seemed  to  be  especially  active.  It  is  noteworthy  that  the  addi¬ 
tion  of  the  patient’s  blood  to  normal  blood  incited  phagocytosis  on  the  part  of 
all  the  mononuclear  cells  of  the  mixed  blood  and  that  the  subcutaneous  intro¬ 
duction  of  a  few  drops  of  the  patient’s  blood  into  a  guinea-pig  after  about  two 
weeks  led  to  active  phagocytosis  on  the  part  of  approximately  two-thirds  of  all 
the  mononuclear  cells.  The  same  writer  has  described  auto-phagocytosis  in  the 
blood  of  tertian  malaria  and  chronic  lymphatic  leukemia  (3).  More  recently 
Blumenthal  (3a)  has  observed  the  phagocytosis  of  both  erythroblasts  and  erythro¬ 
cytes  on  the  part  of  non-granular,  large  mononuclear  leucocytes  in  the  bone 
marrow  of  adult  and  embryonic  rabbits. 

In  pleuritic  exudates  I  have  repeatedly  observed  the  same  phenomenon  and 
was  struck  as  in  the  other  instances  with  the  apparently  purposeless  character  of 
the  process.  The  assumption  of  the  presence  of  auto-hemopsonins  does  not  help 
us  in  our  understanding  of  the  process,  and  bearing  in  mind  the  absence  of 
phagocytosis  in  other  cases  in  which  active  blood  destruction  is  taking  place, 
the  formation  of  auto-antibodies  in  these  exceptional  cases  can  hardly  be  viewed 
as  anything  more  than  a  freak  response,  and  hardly  as  a  protective  reaction. 
I  do  not  wish  to  convey  the  idea  with  this  statement  that  I  regard  the  leuco¬ 
cytes  as  non-essential  in  the  defensive  reaction  of  the  body  against  its  own 
cells  and  cell  degeneration  products.  I  am  merely  of  the  opinion  that  physical 
phagocytosis  on  the  part  of  the  leucocytes  does  not  play  an  essential  role  during 
this  process,  while  I  would  not  deny  their  chemical  cooperation  by  any  means, 
even  though  there  is  no  direct  proof  of  such  action  at  the  present  time.  Extra- 
vascular  phagocytosis,  that  is  phagocytosis  occurring  outside  of  the  blood  vessels, 
within  the  tissues,  I  would  view  in  the  same  light,  viz.,  as  accidental  and  pur¬ 
poseless.  This  suggests  itself  at  once  in  connection  with  the  phagocytosis  of 
leucocytes,  young  connective  tissue  cells  and  parenchyma  cells  on  the  part  of 
cancer  cells.  If  such  pictures  are  to  be  construed  as  evidence  of  a  defensive 
reaction  at  all  it  must  be  admitted  that  this  reaction  must  be  in  the  nature  of 
a  defensive  reaction  on  the  part  of  the  offending  cell  and  not  of  the  body  which 
is  the  seat  of  the  disease.  In  my  own  studies  I  have  never  seen  any  evidence 
to  suggest  that  phagocytosis  of  cancer  cells  by  the  leucocytes  or  other  cells  of  the 
body  plays  any  role  of  importance,  and  I  think  we  may  rightfully  conclude  that 
physical  phagocytosis  is  a  negligible  quantity  so  far  as  the  subject  under  dis¬ 
cussion  is  concerned. 

As  regards  the  second  method  of  possible  defence,  namely,  by  the  production 
of  antibodies  directed  against  the  body’s  own  cells  and  cell  products,  relatively 
little  is  as  yet  known.  Some  of  the  reported  findings  lack  confirmation,  and 
in  some  instances  the  conclusions  are  probably  based  upon  a  misinterpretation 
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of  the  observed  facts.  Referring  to  the  question  of  the  possible  formation 
of  autolysins,  Ehrlich  and  Morgenroth  (4),  in  fact,  inclined  to  the  idea  that 
this  does  not  take  place  (horror  autotoxicus)  at  all,  and  that  its  occurrence 
would  naturaly  lead  to  dire  consequences  for  the  entire  organism.  In  their 
experiments  in  this  direction  they  were  able  to  bring  about  the  formation  of 
iso-hemolysins,  but  not  of  auto-hemolysins.  While  this  miy  be  so  under  rela¬ 
tively  normal  conditions  there  is  some  evidence  to  show  that  in  the  event  of 
hemorrhages  into  the  large  cavities  of  the  body  auto- hemolysin  formation  may 
after  all  occur,  and  Michaelis  (5)  and  Kober  (6)  interpret  the  hemoglobinuria 
which  has  been  observed  in  such  cases  in  this  sense.  Metalnikoff  (7)  obtained 
auto-spermafotoxin  production  in  guinea-pigs  which  had  been  treated  with 
their  own  spermatozoa.  Lindemann  (8),  as  the  result  of  his  studies  of  toxic 
nephritis,  comes  to  the  conclusion  that  the  nephritic  process ,  is  due  only  indi¬ 
rectly  to  the  primary  toxic  agent  (chromium  salts,  cantharidin),  but  is  directly 
the  outcome  of  the  formation  of  auto-nephrotoxins,  in  consequence  of  the 
resorption  of  a  primary  focus  of  nephritis.  Nefedieff  (9),  Bierry  (10),  Ascoli 
and  Figari  (ii)  came  to  similar  conclusions.  The  former  thus  observed  that 
the  serum  of  rabbits  in  which  one  ureter  had  been  ligated  became  nephrotoxic; 
Bierry  noted  the  same  after  ligation  of  the  renal  artery,  and  Ascoli  and  Figari 
after  a  unilateral  nephrectomy.  Donati  (12)  explained  the  clinical  symptoms 
and  pathological  findings  following  unilateral  ligature  of  the  blood-vessel  of 
the  kidney  in  rabbits  upon  the  same  basis. 

While  the  reports  of  these  observers  sound  quite  convincing,  it  is  to  be  noted 
that  the  findings  of  others  have  not  been  in  accord,  and  I  for  one  cannot  help 
feeling  that  the  term  nephrotoxin  is  used  too  loosely  and  frequently  without 
adequate  experimental  basis.  It  does  not  follow  by  any  means  that  the  toxic 
agent  or  agents  with  which  these  gentlemen  have  been  dealing  are  true  anti¬ 
bodies,  in  the  sense  of  Ehrlich,  and  with  these  we  are  at  present  concerned. 
Pearce  and  Sawyer  (13),  while  confirming  the  results  of  Lindemann  and  Bierry, 
viz.,  that  sera  of  dogs  having  nephritis  are  toxic  for  normal  kidneys,  likewise 
feel  that  the  phenomenon  should  not  be  used  as  a  basis  for  the  explanation  of 
the  pathology  of  nephritis  in  general. 

Equally  indefinite  is  our  knowledge  of  the  formation  of  auto-antibodies  in 
pregnancy.  Wcichardt  (14)  more  especially  attributes  the  occurrence  of 
eclampsia  to  the  formation  of  auto-syncytiolysins  and  their  effect  upon  syncytial 
cells  which  have  entered  the  general  circulation,  an  endotoxemia,  so  to  speak, 
resulting.  However  this  may  be,  so  much  seems  to  be  fairly  well  established, 
through  the  researches  of  Liepmann  (15),  that  in  pregnancy  placental  con¬ 
stituents  are  actually  demonstrable  in  the  blood  serum. 

While  the  preceding  writers  have  directed  their  attention  to  the  existence 
of  cytotoxins,  Centanni  (16)  believes  he  has  demonstrated  the  existence  of 
auto-precipitins,  referable  to  auto-immunization  with  cell  products.  He  states 
that  such  substances  which  he  terms  auto-cytoprecipitins,  are  frequently  en¬ 
countered  in  the  sera  of  animals  and  of  man  in  various  diseases  and  intoxica¬ 
tions.*  He  remarks  that  such  sera  give  rise  to  a  precipitate  already  on  simple 
dilution  with  normal  salt  solution  and  that  they  are  not  specific.  He  correlates 
auto-precipitation  with  fibrin  formation  on  the  one  hand  and  hetero-precipitation 
on  the  other,  viewing  fibrin  formation  as  a  reaction  of  the  body  to  the  products 
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of  the  physiological  metabolism  of  its  own  normal  organs,  the  auto-cytopre- 
cipitins  as  the  reaction  to  the  absorption  of  products  of  its  own  diseased  organs, 
and  the  hetero-precipitins  as  reaction  to  foreign  principles.  Of  special  interest 
is  his  observation  that  the  serum  of  sheep  affected  with  hepatic  distomatosis 
contains  precipitins  for  extracts  of  normal  liver,  after  partial  autolysis  has 
taken  place  in  the  latter.  Such  sera  are  capable  of  binding  complement  per  se, 
but  the  fixation  is  more  intense  in  the  simultaneous  presence  of  liver  ex¬ 
tract  (17). 

Sabrazes  and  Muratet  (18)  speak  of  the  occurrence  of  auto-agglutination 
of  the  red  cells  in  trypanosome  infections,  but  have  made  no  analytical  study 
of  the  reaction.  Widal,  Abrami  and  Brule  (19)  report  that  they  have  ob¬ 
served  marked  auto-hemagglutination  in  four  cases  of  hemolytic  acholuric 
(hematogenic?)  icterus,  and  these  authors,  as  well  as  Worobjeft,  explain  the 
symptom  complex  upon  the  basis  of  a  hemolytic  auto-intoxication,  dependent 
upon  a  primary  “  blood  disease.” 

Liidke  (20)  refers  the  anemia  of  chlorosis  to  the  action  autolysins  derived 
from  the  developing  ovaries,  supposing  that  the  red  cells  carry  coreceptors  for 
these  bodies,  but  adduces  no  experimental  evidence. 

Of  interest  is  the  observation  of  Friedemann  (21)  and  Wohlgemuth  (22), 
who  found  that  the  pancreatic  juice  contains  an  auto-hemolysin  which  appar¬ 
ently  has  the  structure  of  an  amboceptor  and  is  activated  by  means  of  letbicin. 
It  is  thus  closely  related  to  the  snake  venom  and  bee  poison  lethicids,^  and 
can  accordingly  not  be  viewed  as  an  antibody.  It  is  quite  conceivable  that 
under  pathological  conditions  an  auto-hemolytic  effect  might  be  produced  by 
such  a  product  and  that  the  serum  of  the  patients  might  possess  hemolytic 
properties,  which  accordingly  would  be  erroneously  attributed  to  an  antibody. 
As  I  shall  show  later  on,  it  is  important  to  bear  the  possible  formation  of 
hemolysins  of  this  order  in  mind  in  connection  with  cell  degeneration  in  gen¬ 
eral.  In  this  connection  it  is  interesting  to  note  that  v.  Bergmann  was  able 
to  protect  animals  against  the  fatal  consequences  of  pancreatic  auto-digestion 
by  previous  immunization  w'ith  pancreatic  material.  Such  protection  might 
naturally  be  referred  to  a  corresponding  antibody  formation  and  it  would 
suggest  itself  that  the  same  probably  would  be  attempted  by  the  diseased  animal 
itself.  The  proof,  however,  is  lacking. 

While  the  above  observers  essentially  deal  with  more  or  less  hypothetical 
auto-antibodies  which  are  comparable  to  the  antibodies  which  result  on  im¬ 
munization  with  foreign  cells  and  cell  products,  there  is  a  tendency  at  present 
to  view  the  complement  fixation  observed  in  syphilis  as  referable  to  the  forma¬ 
tion  of  auto-antibodies  of  a  different  type.  The  nature  of  the  original  technique, 
to  be  sure,  would  suggest  that  they  represent  amboceptors,  and  might  hence 
after  all  be  comparable  to  or  identical  with  cytotoxins  in  the  sense  of  Ehrlich. 
Satisfactory  proof  that  such  is  actually  the  case  has,  however,  not  been  afforded. 
All  the  observed  phenomena  connected  with  the  process  of  complement  fixation 
seem  quite  readily  explained  on  the  basis  of  physical  adsorption,  and  there  is 
nothing  to  render  necessary  the  assumption  of  an  amboceptor  nature  on  the  part 

*  The  term  lethicid  is  here  used  in  the  sense  of  Kyes,  but  may  be  inapplicable, 
as  suggested  by  Bang  {Biochem.  Zeit.,  1908,  ii,  321). 
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of  the  reacting  serum  component.  Accordingly  I  think  it  is  well,  for  the 
present  at  least,  to  regard  them  as  reaction  products  of  a  separate  order.  They 
may  indeed  be  auto-antibodies,  but  they  are  not  antibodies  directed  against  the 
specific  parasite  of  lues.  If  this  view  be  correct  (23),  in  the  case  of  syphilis 
then  it  would  probably  also  be  permissible  to  speak  of  auto-antibody  formation 
in  other  pathological  conditions  in  which  complement  fixation  has  been  ob¬ 
served  in  the  presence  of  various  organ  extracts  as  antigens.  Centanni’s  find¬ 
ings  in  sheep  distomatosis  would  thus  fall  under  this  order.  The  same  would 
hold  good  for  frambesia,  certain  trypanosome  infections  (24)  and  cancer. 

I  have  pointed  out  in  a  previous  paper  (25)  that  complement  fixation  is  fre¬ 
quently  observed  in  malignant  disease,  using  cancer  extract  as  antigen,  and  I 
expressed  the  hope  at  the  time  that  the  technique  could  be  so  perfected  that 
the  method  could  be  used  for  diagnostic  purposes.  This  hope  has  not  been 
fulfilled.  We  have  not  been  able  to  demonstrate  fixation  in  more  than  some 
sixty  per  cent,  of  the  cases  and  we  have  found  that  syphilitic  cases  react  with 
cancer  antigen  and  vice  versa.  It  is  true  that  the  fixation  in  cases  of  cancer 
is  usually  only  of  moderate  intensity  and  often  only  slight,  while  the  syphilitic 
reaction  is  more  often  absolute;  but  in  syphilis  also  slight  reactions  are  en¬ 
countered  and  in  cancer  they  may  be  likewise  intense.  Our  observations  in 
this  direction  have  been  fully  confirmed  by  others,  whose  work  in  part  at  least 
has  been  synchronous  with  our  own  (26).  While  the  diagnostic  significance 
of  complement  fixation  in  cancer  is  thus  only  relative,  the  principle  involved  is 
important  from  the  standpoint  of  our  present  paper.  If  the  reaction  in  syphilis 
is  due  to  the  formation  of  auto-antibodies,  the  same  undoubtedly  holds  good  for 
cancer;  the  differences  which  exist  are  probably  not  qualitative,  but  purely 
quantitative. 

In  this  connection  I  would  refer  to  the  observation  that  inactivated  sera 
may  under  various  pathological  conditions  bind  complement  per  se,  viz.,  in  the 
absence  of  any  special  “  antigen.”  The  phenomenon  was  first  observed  by 
Neisser  and  Doering  (27)  in  a  case  of  impending  uremia,  and  has  since  been 
studied  by  bJeisser  and  Friedemann  (28),  Laqueur  (29),  Hedinger  (30),  Wolze 
(31),  Senator  (32),  Liidke  (33),  Noguchi  (33a),  v.  Bergmann  and  Keuthe  (34), 
who  noted  it  in  isolated  cases  of  pneumonia,  sepsis,  carcinoma,  leukemia,  uremia, 
etc.  We  have  notably  met  with  this  reaction  in  hepatic  cirrhosis,  and  v.  Berg¬ 
mann  and  Salvini  (35)  were  able  to  produce  it  artificially  in  phosphorous  poison¬ 
ing,  and  Eva  Hoffmann  (36)  in  uremia  and  nephritis.  More  recently  Fiessinger 
(37)  reports  that  he  could  demonstrate  antibodies  of  this  order  in  the  serum  of 
patients  with  severe  degenerative  lesions  in  the  liver,  such  as  hepatic  cirrhosis, 
with  the  complement  fixation  method,  and  he  views  these,  in  our  estimation 
without  proper  basis,  as  hepatotoxins.  I  am  strongly  tempted  to  share  v.  Berg- 
mann’s  view  that  the  reaction  in  question  is  due  to  an  interaction  between 
relatively  large  quantities  of  circulating  degenerative  products  of  body  cells 
and  corresponding  auto-antibodies  with  consequent  adsorption  of  complement. 

In  conclusion  there  remains  for  consideration  the  possibility  of  an  auto¬ 
antiferment  formation.  Generally  speaking  this  might  be  anticipated  when¬ 
ever  cell  destruction  is  going  on,  since  the  intracellular  ferments  must  then  of 
necessity  be  liberated.  But  unfortunately  our  knowledge  of  these  ferments  is 
still  quite  meager  and  the  technique  involved  in  their  demonstration  sufficiently 
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complicated  as  to  render  the  study  of  their  reaction  products,  the  antiferments, 
correspondingly  difficult.  A  more  detailed  investigation  of  auto-antiferment 
action  has  indeed  been  made  only  in  the  case  of  antitrypsin. 

Fermi  and  Pernossi  (38),  Camus  and  Gley  (39),  Pugliese  and  Coggi  (40), 
as  well  as  Hahn  (41),  have  demonstrated  that  normal  blood  serum  in  itself 
possesses  antitryptic  power.  Other  observers,  such  as  Ascoli  and  Bezzola  (42), 
Kolaczek  (43),  Bittorf  (44),  and  Wiens  (45),  then  showed  that  under  patho¬ 
logical  conditions  this  could  be  either  increased  or  diminished,  and  since 
Achalme  (46)  had  succeeded  in  immunizing  animals  against  trypsin,  the  con¬ 
clusion  suggested  itself  that  the  increased  antitryptic  action  in  disease  might 
well  be  due  to  “  antitrypsin.”  Ascoli  and  Bezzola’s  work  had  reference  essen¬ 
tially  to  pneumonia,  where  they  found  a  marked  increase  up  to  the  time  of 
the  crisis,  while  afterwards  coincidently  with  the  disappearance  of  the  local 
signs  there  was  a  considerable  decrease.  Kolaczek,  Bittorf  and  Wiens  noted 
deviations  from  the  normal  in  various  infectious  diseases.  More  systematic 
observations  have  recently  been  recorded  by  Brieger  and  Trebing  (47).  These 
investigators  were  led  to  a  more  detailed  study  of  the  phenomenon  in  question 
by  the  fact  that  they  found  an  increased  antitryptic  content  of  the  serum  in  a 
case  of  cancer,  which  remained  constant  during  a  period  of  observation  ex¬ 
tending  over  several  weeks.  They  then  found  that  an  increase  of  antitrypsin 
occurs  in  a  large  percentage  of  cancer  cases,  namely  in  over  90  per  cent.,  and 
that  this  increase  may  under  certain  conditions  be  of  diagnostic  importance. 
V.  Bergmann  and  Meyer  (48)  confirmed  this  work  with  a  different  method, 
but  found,  like  Brieger  and  Trebing,  that  a  similar  increase  may  be  observed 
in  some  20  per  cent,  of  non-cancerous  conditions,  such  as  pernicious  anemia, 
Basedow’s  disease,  severe  nephritis,  sepsis,  tabes,  paresis,  etc.  It  is  to  be  noted, 
however,  that  the  increase  which  is  observed  in  these  diseases  is  by  no  means 
constant,  and  that  with  the  possible  exception  of  pernicious  anemia  and  Base¬ 
dow’s  disease,  such  an  increase  is  more  frequently  absent  than  present.  Dr. 
Mary  Roche  (49)  has  recently  collected  the  cases  which  were  examined  in  my 
laboratory  during  the  fall  months  and  has  arrived  at  similar  conclusions. 

The  above  survey  will  furnish  an  idea  of  the  most  notable  work 
which  has  thus  far  been  accomplished  bearing  on  the  problem  of 
auto-antibody  formation. .  My  own  impression  in  going  over  the 
work  has  been  that  in  many  instances  the  question  may  rightfully 
be  asked,  whether  the  results  obtained  really  prove  the  point  at 
issue,  whether  the  reactions  which  the  various  observers  have  noted 
are  really  referable  to,  antibodies.  The  whole  question  seems  to 
hinge  on  the  definition  of  the  word  antibody.  In  our  usual  parlance 
we  mean  thereby  certain  reaction  products  which  are  formed  by 
the  animal  body  as  a  result  of  immunization  with  foreign  cells  or 
cell  products.  These  reaction  products  may  be  of  the  nature  of 
antitoxins,  of  agglutinins,  of  cytotoxins,  of  precipitins  and  of  anti- 
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ferments.  As  we  have  no  proof  whatever  that  the  substance  or 
substances  which  give  rise  to  the  so-called  Wassermann  reaction  in 
syphilis,  and  the  corresponding  reaction  in  cancer,  are  antibodies  of 
this  order,  we  are  manifestly  not  justified  in  classifying  these  bodies 
as  antibodies  in  the  original  sense  of  the  word.  So  far  as  the 
other  anti-reactions  are  concerned  it  is  manifest  that  they  would 
more  readily  fall  under  the  category  of  antibodies,  if  we  can  properly 
extend  the  definition  of  the  term  so  as  to  include  reaction  products 
resulting  upon  immunization  with  the  body’s  own  cells  or  cell 
products.  This  seems  in  a  measure  to  be  justifiable  in  view* of  what 
we  know  of  the  formation  of  iso-antibodies  and  some  of  the  experi¬ 
ments  recorded  above.  In  others,  the  proof  has  to  my  mind  not  been 
furnished,  and  I  feel  more  particularly  in  connection  with  the  ques¬ 
tion  of  auto-cytotoxin  production  that  much  more  additional  evi¬ 
dence  is  necessary  before  this  can  be  regarded  as  established.  If 
once  established,  however,  we  should  be  forced  to  the  anomalous 
conclusion  that  whereas  cytotoxin  production  as  a  result  of  im¬ 
munization  with  foreign  cells  can  be  viewed  as  a  defensive  reaction, 
auto-cytotoxin  production  against  the  body’s  own  cells  would  be  in 
the  nature  of  an  offensive  reaction,  a  link  in  a  vicious  circle.  This 
would  certainly  follow,  unless  the  action  of  the  auto-cytotoxin  pro¬ 
duction  were  directed  against  diseased  or  otherwise  anomalous  cells, 
and  not  against  normal  cells  of  the  same  type ;  but  this  view  in  turn 
would  presuppose  the  existence  of  specific  receptors  on  the  part  of 
the  diseased  or  anomalous  cells,  which  are  not  possessed  by  the 
normal  cells.  Of  this  we  have  no  evidence,  and  it  has  been  noted 
more  specifically  in  the  nephrotoxic  experiments  referred  to*  above 
that  normal  cells  were  attacked  by  the  supposed  autotoxin.  As  I 
have  said,  it  seems  to  me  that  this  question  cannot  be  regarded  as 
settled,  and  that  the  experimental  evidence  is  thus  far  insufficient  to 
warrant  the  recognition  of  auto-antibodies  of  this  order. 

I  have  reviewed  this  subject  as  outlined  in  order  to  show  from 
what  sides  the  study  of  the  body’s  own  defense  against  malignant 
disease  may  be  attacked  with  the  likelihood  of  making  any  definite 
progress.  The  only  points  along  these  lines  that  are  definitely 
tangible,  and  a  further  study  of  which  may  lead  to  fruitful  results, 
are  the  increased  antitryptic  content  of  the  blood  serum  and  the 
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demonstration  that  in  malignant  disease,  as  in  syphilis,  substances 
appear  in  the  blood  which  are  characterized  by  their  increased 
affinity  for  complement  in  the  presence  of  certain  organ  extract 
constituents.  Research  along  these  lines  is  still  in  progress.  In  the 
present  paper,  however,  we  wish  to  draw  attention  more  particularly 
to  another  line  of  research,  looking  into  the  body’s  defences  against 
its  own  cell  constituents,  which  has  taken  for  its  point  of  departure 
the  well  known  tendency  on  the  part  of  malignant  disease  to  lead  to 
anemia.  Clinical  as  well  as  experimental  evidence  goes  to  show 
that  this  tendency  is  largely  independent  of  coincidental  bacterial 
infection  and  referable  to  the  growing  tumor  itself. 


Panzacchi  (50),  Micheli  and  Donati  (51),  and  Knllmann  (52)  thus  demon¬ 
strated  that  tumor  extracts  contain  hemolytic  substances, ’bnt  to  Weil  (53) 
belongs  the  credit  for  having  shown  that  necrotic  tumors  contain  hemolysins 
which  differ  markedly  from  those  that  can  be  extracted  from  non-necrotic  tumors. 
The  latter  apparently  belong  to  the  same  class  of  hemolytic  substances  which 
can  be  extracted  from  normal  organs  (liver,  kidney,  pancreas)  and  must  be 
viewed  as  complex  hemolysins,  requiring  an  additional  factor  for  their  activa¬ 
tion  which  Weil  found  present  in  extracts  of  normal  red  cells.  The  hemolysins 
in  necrotic  tumors,  on  the  other  hand,  are  apparently  simple  hemolysins  requiring 
no  additional  “complement”  for  their  activation.  Weil  has  suggested  that  these 
latter  hemolysins  enter  the  blood  and  contribute  to  the  anemia  and  the  cachexia 
of  malignant  tumors.  In  a  series  of  studies  (54)  the  same  investigator  has 
actually  shown  that  hemolysins  are  frequently  present  in  the  blood  serum  of 
malignant  disease,  which  can  be  demonstrated  by  allowing  the  cancer  serum  to 
act  upon  the  red  corpuscles  of  non-cancerous  patients.  Very  curiously,  the  pa¬ 
tient’s  own  corpuscles,  in  vitro  at  least,  show  an  increased  resistance  to  their  own 
hemolytic  serum.  Crile  (55)  has  come  to  the  same  conclusions  which  Weil 
originally  reached  in  his  lympho-sarcomatous  dogs,  and  seems  to  attach  consider¬ 
able  importance  to  the  hemolytic  action  of  cancer  serum,  from  the  diagnostic 
standpoint,  although  he  finds  the  same  reaction  in  cases  of  tuberculosis. 


The  work  of  these  two  investigators  represents  the  starting  point 
of  our  own  studies.  It  seems  clear  from  what  has  been  said  that 
hemolysins  are  formed  in  malignant  tumors  and  that  these  sub¬ 
stances  enter  the  circulation.  There  seems  to  be  good  evidence  of 
their  toxic  nature  and  the  question  hence  suggests  itself :  in  what 
manner  does  the  animal  body  attempt  its  own  defence  against  such 
substances?  In  considering  the  possible  lines  of  investigation  in 
this  direction  the  thought  naturally  suggested  itself  that  even  under 
normal  conditions  a  mechanism  might  be  active  which  would  an¬ 
tagonize  hemolytic  agents,  analogous  to  the  normal  inhibitory  action 
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Vv^hich  normal  blood  serum  possesses  in  reference  to  certain  fer¬ 
ments.  It  was  hence  decided  to  investigate  this  question,  first  in 
reference  to  some  non-specific,  general,  hemolyzing  agents,  and 
to  extend  the  examinations,  if  evidence  of  a  normal  inhibitory 
mechanism  were  found,  so  as  to  include  hemolyzing  agents  of 
various  kinds,  and  among  them  the  tissue  and  serum  hemolysins  of 
cancer,  syphilis  and  tuberculosis.  The  first  portion  of  the  work  is 
embodied  in  the  present  report. 

The  general  plan  of  work  will  appear  from  a  survey  of  our  initial 
studies  with  saponin.  ^ 


SAPONIN  EXPERIMENTS. 

Serum  and  corpuscles  were  examined  separately.  In  the  case  of 
the  latter,  varying  amounts  of  saponin  were  incubated  for  30  minutes 
with  constant  quantities  of  the  washed  human  corpuscles,  and  the 
results  then  read.  With  the  serum,  varying  amounts  of  saponin  were 
incubated  for  30  minutes  with  constant  quantities  of  serum,  after 
which  constant  quantities  of  corpuscles  were  added.  For  conveni¬ 
ence  sake,  washed  chicken  corpuscles  were  uniformly  used  to  this 
end.  Any  deviations  from  the  normal  could  thus  be  attributed 
directly  to  the  human  corpuscles,  on  the  one  hand,  and  to  the 
patient’s  serum  on  the  other.  The  corpuscles,  both  human  and 
those  of  the  chicken,  were  washed  three  times  and  then  made  up  into 
5  per  cent,  emulsions  (corresponding  to  the  full  blood,  or  as  2.5  per 
cent,  emulsions,  corresponding  to  the  isolated  red  cells)  in  0.85  per 
cent,  saline.  The  serum  was  diluted  in  the  proportion  of  i  in  10 
with  saline. 

Two  strengths  of  saponin  were  employed.  The  one  solution,  A,  represents 
a  o.i  per  cent,  solution  in  0.85  per  cent,  saline,  while  the  second,  B,  represents 
a  I  in  10  dilution  of  A.  Series  of  tubes  were  charged  with  varying  amounts  of 
these  solutions  and  the  volume  was  always  brought  to  i  c.c.  with  saline,  after 
which  the  human  corpuscles  were  added  in  the  one  series,  and  the  diluted  human 
sera  in  the  other,  0.5  c.c.  of  either  being  the  constant  amount  of  these,  as  also  of 
the  chicken  corpuscles,  as  described  above.  Preliminary  experiments  with  normal 
human  corpuscles  showed  that  o.i  c.c.  of  the  B  solution  (.B-i)  of  saponin  will 
rarely  hemolyze  0.5  c.c.  of  normal  corpuscles;  as  a  rule,  there  is  not  a  trace  of 
hemolysis  with  this  concentration.  In  many  normal  instances  the  same  is  seen 
in  tube  B-2-,  but  in  others  there  is  more  or  less  extensive  hemolysis.  Beyond 
this,  namely,  in  B-3,  and  B-4,  etc.,  there  is  complete  hemolysis. 

With  normal  sera  no  hemolysis  is  usually  obtained  in  either  B-g  or  in  A—i ; 
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occasionally  A-\  shows  more  or  less  extensive  hemolysis,  but  this  is  the  excep¬ 
tion.  Beyond  A-i  there  is  complete  hemolysis.  Hence  for  routine  work  it  is 
necessary  only  to  put  up  tubes  J5-i  to  B-4  for  the  corpuscles  and  B-g  to  A-4 
for  the  serum. 

An  experiment  of  this  order  is  recorded  below.  It  is  to  be  noted 
that  in  this  particular  instance  the  corpuscle  experiment  in  contra¬ 
distinction  to  the  serum  experiment,  has  reference  not  to  human  red 
cells,  but  to  those  of  the  chicken.  This  will  show  ver}:  clearly  the 
marked  protective  power  on  the  part  of  the  blood  serum,  as  the  range 
between  corpuscle  hemolysis  and  serum-corpuscle  hemolysis  is  even 
wider  than  in  the  case  of  the  human  red  cells. 


I. 

II. 

Serum. 

Corpuscles. 

A-z 

Hemolysis 

Hemolysis 

A-2 

Hemolysis 

Hemolysis 

A-I 

Inhibition 

Hemolysis 

B-9 

Inhibition 

Hemolysis 

B-8 

Inhibition 

Hemolysis 

B-7 

Inhibition 

Hemolysis 

B-6 

Inhibition 

Hemolysis 

B-5 

Inhibition 

Hemolysis 

B-4 

Inhibition 

Hemolysis 

B-3 

Inhibition 

Hemolysis 

B-2 

Inhibition 

Hemolysis 

B-i 

Inhibition 

Hemolysis 

C-9 

Inhibition 

No  hemolysis 

CS 

Inhibition 

No  hemolysis 

Up  to  the  present  time  we  have  examined  the  sera  and  corpuscles 
of  some  200  cases,  including  a  number  of  supposedly  normal  indi¬ 
viduals.  The  list  covers  a  fairly  wide  range  of  pathological  condi¬ 
tions,  as  is  apparent  from  the  accompanying  tables,  in  which  the 
cases  are  arranged  in  four  groups.  Group  I  includes  those  cases 
which  showed  no  hemolysis  in  either  B-g  or  A-i  (corresponding 
to  0.00009  and  0.0001  gm.  of  saponin  respectively).  Group  II 
covers  those  which  showed  no  hemolysis  in  B-g,  but  a  variable 
degree  of  hemolysis  in  A-i.  In  Group  III  those  cases  are  collected 
in  which  hemolysis  occurred  in  both  A—i  and  B-g.  Group  IV 
finally  represents  a  small  number  of  cases  in  which  no  hemolysis 
occurred  in  either  B-g,  A-i,  A-2,  or  still  stronger  solutions  of 
saponin. 
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We  interpret  our  findings  by  inferring  in  Group  I  that  the  sera  of 
the  cases  collected  under  this  heading  have  the  same  antihemolytic 
power  as  is  observed  under  strictly  normal  conditions,  while  in 
Group  II  this  is  less;  in  Group  III,  still  less;  and  in  Group  IV,  in¬ 
creased.  Most  of  the  normal  cases  fell  under  Group  I,  while  a 
smaller  percentage  is  to  be  found  in  Group  II.  We  have  never  seen 
a  single  instance  where  a  normal  individual  showed  a  decrease  in 
the  antihemolytic  power  of  such  extent  as  to  fall  under  Group  III. 
We  have  similarly  never  observed  a  material  increase  extending 
beyond  A—i ;  occasionally  A— 2  is  not  completely  hemolyzed,  but  a 
more  marked  inhibition  does  not  occur. 

The  following  Table  I  gives  a  summary  of  our  cases  arranged 
under  the  heading  of  the  different  diseases;  the  results  show  the 
number  of  cases  examined  and  the  percentage  values  for  hemolysis 
at  various  concentrations  of  the  saponin  solution. 


TABLE  1. 


Total 
no.  of 
cases. 

I. 

Hemolysis 
in  B-9  and 
upward. 

11. 

Inhibit, 
in  B-9 
only. 

III.  ;•  IV. 

Inhibit.  |  Inhibit, 

in  B-9  and  beyond 

A-i.  j  A-i. 

No.  of 
cases. 

Per 

cent. 

No-  of 
cases. 

Per 

cent. 

No.  of 
cases. 

Per  No.  of 
cent. '  cases. 

Per 

cent. 

Normal  cases . 

24 

0 

0 

7 

29 

17 

Malignant  tumors . 

IS 

3 

20 

6 

40 

6 

40  1 

Non-malignnnt  tumors . 

5 

I 

20 

2 

40 

2 

40  ; 

Appendicitis . 

I 

— 

I 

100 

Pernicious  anemia . 

I 

— 

I 

100  1 

Syphilis . 

15 

12 

80 

2 

12 

I 

8 

Tabes . 

2 

2 

100 

Syphilitic  mental  cases . 

3 

3 

100 

0 

Non-syphilitic  mental  cases . 

to 

10 

100 

Tuberculosis . 

90 

51 

56 

19 

21 

20 

23  j 

Chancroid . 

I 

!  I 

100 

Multiple  sclerosis . 

1 

I 

100  I 

100 

Apoplexy . 

I 

ulcer  of  the  stomach . 

4 

2 

50 

2 

50 

100 

Arteriosclerosis . 

I 

1 

Neuroses . . 

I 

I 

100 

i 

Gonococcus  infections . 

3 

1 

33 

2 

66 

! 

Chronic  arthritis . 

I 

I 

I(X) 

Staphylococcus  infections . 

I 

100 

Streptococcus  infections . 

I 

I 

100 

1 

Pernicious  vomiting  of  pregnancy . 

I 

I 

100 

Cholelithiasis . 

4 

'  4 

100 

Strongyloides  infection . 

: 

1  I 

100  1 

Carbon  monoxide  poisoning . 

i  I 

I 

100 

1 
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The  behavior  of  the  pathological  sera  was  most  interesting.  As 
a  glance  at  the  table  above  will  show,  a  deviation  from  the  normal 
was  observed  in  only  three  of  the  cancer  cases,  and  in  one  of  these 
a  history  of  syphilis  could  not  be  excluded.  This  means,  of  course, 
that  so  far  as  saponin  is  concerned  the  antihemolytic  power  of  the 
blood  serum  is  neither  materially  increased  nor  diminished.  It 
might  be  argued  that  this  observation  has  no  direct  bearing  upon  the 
question  of  the  antihemolytic  protective  mechanism  in  malignant 
disease,  and  that  in  cancer  a  more  specific  protective  mechanism  may 
be  brought  into  play,  which  would  be  tuned  to  specific  cancer 
hemolysins.  This  is,  of  course,  quite  conceivable  and  the  problem 
was  accordingly  put  to  the  direct  test  as  will  be  discussed  more  fully 
later  on. 

Quite  interesting  further  is  the  observation  that  in  pernicious 
anemia  no  evidence  of  either  an  increased  or  a  diminished  anti¬ 
hemolytic  power  was  obtained,  which  also  could  be  interpreted  as 
merely  showing  that  no  change  in  the  antihemolytic  action  exists  so 
far  as  saponin  is  concerned.  We  will  have  occasion  to  revert  to 
this  question  on  a  future  occasion. 

The  most  remarkable  result  in  this  series  of  observations  was 
obtained  in  cases  of  syphilis  and  tuberculosis.  As  a  glance  at 
Column  I  will  show,  hemolysis  in  B-g  was  obtained  with  few 
exceptions  in  these  two  diseases  only.  In  interpreting  the  result, 
two  possibilities  suggested  themselves:  on  the  one  hand,  it  was 
possible  that  the  increased  tendency  to  hemolysis  by  saponin  was 
due  to  a  diminution  in  the  amount  of  antihemolytic  substance,  and 
on  the  other,  that  the  diminished  antihemolytic  effect  was  in  reality 
due,  not  to  a  negative,  but  to  a  positive  factor,  that  is,  to  the  presence 
of  hemolysins  in  the  blood  serum  of  the  patient,  the  effect  of  which 
would  be  obtained  either  independently  or  superadded  to  the  action 
of  the  saponin.  The  second  possibility  suggests  itself  directly 
since  Crile  (56)  reports  that  the  blood  serum  of  tuberculosis  may 
be  hemolytic  for  normal  corpuscles,  while  Peskind  (57)  has 
demonstrated  the  same  for  syphilis.  We  found,  however,  that  this 
explanation  is  not  applicable  in  the  present  instance.  We  could 
demonstrate  by  suitable  controls  that  with  rare  exceptions  and  with 
the  degree  of  dilution  which  we  employed  tubercular  sera  do  not 
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possess  any  hemolytic  action  whatever  upon  chicken  corpuscles. 
Very  rarely  only  does  one  see  a  very  faint  pink  in  these  controls,  and 
it  is  noteworthy  that  this  occurred  at  times  even  though  the  cor¬ 
responding  B-g  saponin  tube  showed  no  trace  whatever  of  hemo¬ 
lysis.  Our  results  in  this  respect  are  so  striking  that  we  have  not 
the  least  hesitancy  in  affirming  that  the  marked  hemolysis  in  the 
B-g  tubes  cannot  possibly  be  due  to  the  action  of  a  tubercular 
hemolysin,  acting  either  independently  or  in  addition  to  the  saponin 
effect.  We  believe  that  the  conclusion  is  warrantable  that  the  in¬ 
creased  hemolytic  effect  with  saponin,  which  is  so  frequently  ob¬ 
served  in  tuberculosis,  must  be  referable  to  a  decrease  in  the  anti- 
hemolytic  components  of  the  blood  serum.  We  have  reason  to 
think  that  the  same  holds  good  for  syphilis. 

While  any  inferences  that  may  be  drawn  from  these  experiments 
apply  for  the  present  at  least  to  the  mechanism  of  saponin  hemolysis 
only,  the  results  seem  to  be  important  in  principle.  They  show 
quite  clearly  that  a  certain  type  of  anemia  may  be  referable  primarily 
to  a  diminution  in  the  quantity  of  a  normal  protective  agent,  and 
only  indirectly  to  the  effect  of  the  hemolysin  upon  the  corpuscles. 
This  protective  power  is  indeed  very  considerable,  if  we  bear  in 
mind  that  our  results  were  obtained  with  sera  which  had  been  diluted 
tenfold  at  the  start,  and  further  diluted  by  the  addition  of  double 
the  volume  of  the  saponin  solution.  It  is  true  that  our  sera  were 
usuall>  tested  only  against  a  5  per  cent,  emulsion  of  corpuscles, 
but  we  could  show  that  its  protective  action,  even  in  the  dilution 
which  we  employed,  was  in  reality  of  a  much  wider  scope. 

CHARACTERISTICS  OF  THE  ANTIHEMOLYTIC  SUBSTANCE. 

Regarding  the  nature  of  the  antihemolytic  substance,  the  follow¬ 
ing  data  were  obtained. 

Heating  experiments  showed  that  exposure  of  normal  human 
serum  for  30  minutes  at  52°  C.  does  not  interfere  with  its  normal 
antihemolytic  action  so  far  as  saponin  hemolysis  goes. 

The  following  experiments  were  undertaken  to  ascertain  the  part 
which  the  proteins  of  the  serum  take  in  the  antihemolytic  action  of 
the  blood  serum.  The  material  used  was  the  pleural  exudate  from 
a  tubercular  patient  (Sch.)  which  in  its  original  condition  gave 
absolute  inhibition  in  B-g  and  almost  complete  hemolysis  in  A-i. 
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50  c.c.  of  this  serum  after  careful  centrifugalization,  were  treated  with  50 
c.c.  of  a  neutral  saturated  solution  of  ammonium  sulphate  and  the  precipitated 
globulins  were  filtered  off  the  next  day.  The  filtrate,  when  brought  to  the  proper 
dilution  and  sodium  chloride  concentration  showed  no  manifest  antihemolytic 
effect  whatever,  from  A-5  to  B-7.  In  B-6  yet  there  was  very  extensive 
hemolysis  and  in  B-S  even  there  remained  a  large  cup  of  undissolved  red  cells. 

I  am  nevertheless  inclined  to  think  that  underlying  this  apparent 
lack  of  antihemolysis  there  is  still  an  antihemolytic  effect,  since 
control  experiments  with  corresponding  amounts  of  ammonium 
sulphate  in  saline,  with  even  lower  amounts  of  saponin,  showed 
instantaneous  hemolysis,  whereas  the  hemolytic  action  in  the  pres¬ 
ence  of  the  filtrate  took  place  gradually  on  incubation.  F.  Sachs 
(58)  has  recently  observed  that  soap  hemolysis  will  occur  instan¬ 
taneously  in  the  presence  of  OH  ions,  but  he  remarks  that  with 
saponin  the  phenomenon  was  only  suggestive  and  then  only  when 
sodium  hydrate  had  been  used.  Our  experience  with  ammonium 
sulphate  shows  that  it  occurs  instantaneously,  while  the  same  salt 
without  the  saponin  causes  no  hemolysis  whatever  during  the  time 
limit  (30  minutes)  that  we  allowed  our  preparations  to  remain  in 
the  incubator.  Bearing  this  effect  in  mind,  our  conclusion,  that 
the  filtrate  from  which  the  globulins  have  been  removed,  has 
still  a  certain  degree  of  antihemolytic  action,  does  not  seem  un¬ 
warrantable.  However,  we  have  not  followed  up  this  point  any 
further. 

The  globulin  fracton  was  next  tested,  after  bringing  it  to  the 
proper  degree  of  dilution  and  sodium  chloride  concentration.  It 
was  found  that  with  B-g  and  A-i  there  was  complete  inhibition, 
partial  inhibition  in  A-2  and  complete  hemolysis  only  in  A-^.  It 
would  thus  seem  as  though  almost  the  entire  antihemolytic  effect 
were  centered  in  the  globulin  precipitate.  To  ascertain  to  what 
extent  the  eu-  and  the  pseudoglobulin  fractions  are  concerned  in  the 
question,  the  entire  globulin  precipitate,  dissolved  in  saline,  was 
dialyzed  against  running  water  for  twenty-four  hours,  and  the  two 
portions  tested,  after  bringing  them  to  the  proper  degree  of  dilution 
and  sodium  chloride  concentration.  It  was  found  that  the  euglob- 
ulin  fraction  had  lost  much  of  the  original  antihemolytic  action, 
as  complete  hemolysis  was  obtained  not  only  in  A-i  and  B-g,  but 
extensive  hemolysis  was  yet  obtained  with  5-8  and  B-y ;  a  complete 
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antihemolytic  effect  was  not  obtained  until  was  reached.  Ex¬ 
amination  of  the  pseudoglobulin  fraction  showed  a  corresponding 
loss  even  exceeding  that  of  the  former  ;  complete  hemolysis  was 
obtained  as  far  down  as  B-y,  and  even  in  jB-5  it  was  extensive. 
The  impression  was  thus  gained  that  the  antihemolytic  substance 
had  either  disappeared  or  become  inactive.  That  the  time  element 
plays  no  role  at  this  point  is  clear  from  the  fact  that  sera  can  be 
preserved  much  longer  and  still  retain  their  antihemolytic  action. 

In  order  to  ascertain  whether  the  cholesterin  of  the  blood  serum 
might  be  responsible  for  the  antihemolytic  effect,  one  set  of  tubes 
was  charged  as  usual  with  serum  and  saponin  plus  an  extra  volume 
of  saline,  while  the  second  set  received  corresponding  amounts  of 
the  same  serum  with  saponin,  and  in  place  of  the  saline,  one  volume 
of  an  emulsion  of  cholesterin  in  saline,  which  had  been  centri- 
fugalized  as  free  from  cholesterin  in  suspension  as  possible.  The 
result  is  seen  below : 

I.  II. 


B-g 

Serum — Saline — Saponin. 

Inhibition  (absolute). 

Serum — Cholesterin — Saponin. 

Absolute  inhibition. 

A-i 

Inhibition  (absolute). 

Absolute  inhibition. 

A-2 

Almost  complete  hemolysis. 

Absolute  inhibition. 

A-3 

Almost  complete  hemolysis. 

Partial  hemolysis. 

It  is  thus  evident  that  cholesterin,  even 

in  minute  doses,  is  capable 

of  increasing  the  antihemolytic  action  of  normal  blood  serum  quite 

materially,  and  it  is  noteworthy  that  the  same  effect  is  obtained  with 

cholesterin 

in  the  absence  of  serum,  as 

is  shown  in  the  following 

experiment 

I. 

Corpuscles— Saline — Saponin. 

Practically  complete  hemolysis. 

- 

B-S 

11. 

Corpuscles — Cholesterin — Saponin. 

Extensive  inhibition. 

B-6 

Complete  hemolysis. 

Extensive  inhibition. 

B-7 

Complete  hemolysis. 

Extensive  inhibition. 

B-8 

Complete  hemolysis. 

Fair  Inhibition. 

B^ 

Complete  hemolysis. 

•  Slight  inhibition. 

A-i 

Complete  hemolysis. 

Hemolysis  complete. 

A-2 

Complete  hemolysis. 

Hemolysis  complete. 

Our  results  in  this  respect  are  thus  in  perfect  accord  with  those 
of  Ransom  (59),  who,  already  in  1901,  noted  the  antihemolytic 
action  of  cholesterin  toward  saponin,  but  he  does  not  seem  to  have 
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utilized  the  principle  involved  in  the  study  of  the  protective  mechan¬ 
ism  of  the  animal  body  in  disease. 

It  would  of  course  be  tempting  to  follow  up  this  line  of  investi¬ 
gation  by  corresponding  studies  on  the  cholesterin  content  of  the 
blood  serum  in  syphilis  and  tuberculosis.  But  for  the  present  we 
were  obliged  to  content  ourselves  with  the  mere  recognition  of  the 
possibility  that  the  decreased  antihemolytic  content  of  the  blood 
serum  in  the  two  diseases  mentioned  may  be  due  to  a  decrease  in 
the  cholesterin  content,  and  that  our  saponin-hemolysis  technique 
may  constitute  a  convenient  method  for  estimating  that  component 
in  the  blood  serum.  A  direct  investigation  of  this  question  is  now 
in  progress. 

So  far  as  our  present  experience  goes  it  would  seem  that  a  diminu¬ 
tion  in  the  cholesterin  content  of  the  blood  serum  of  tubercular 
patients  is  principally  observed  in  actively  progressing  cases,  while 
in  mild  cases  and  early  lesions  normal  values  are  usually  obtained. 
We  could  thus  note  that  among  sanatorium  patients  who  were 
confined  to  bed  a  decrease  in  the  antihemolytic  power  of  the  serum 
was  observed  in  nearly  every  case,  while  among  those  who  were  up 
and  about  normal  values  were  frequently  found.  Interesting 
further  is  the  observation  that  the  injection  of  tuberculin  per  se 
does  not  appear  to  affect  the  antihemolytic  power  of  the  serum 
at  all.  The  actual  significance  of  the  phenomenon  still  remains 
to  be  elicited,  and,  for  the  present  at  least,  we  should  like  very  much 
to  reserve  this  problem  for  our  own  investigation. 

In  syphilis  also  we  have  found  that  a  lowered  antihemolytic 
action  of  the  serum  is  essentially  observed  in  active  cases,  in  which 
a  positive  Wassermann  reaction  can  be  obtained.  On  this  pointi 
also  we  wish  to  report  in  detail  on  some  future  occasion. 

If  now  we  turn  our  attention  to  the  behavior  of  the  corpuscles 
toward  saponin,  we  find  that,  unprotected  by  serum,  they  are 
hemolyzed  very  readily  even  under  normal  conditions  by  much 
smaller  amounts  of  the  reagent.  In  50  per  cent,  of  the  controls 
partial  hemolysis,  at  least,  occurred  already  in  the  B-2  tube,  cor¬ 
responding  to  0.00002  gm.  of  saponin  to  125,000,000  red  cells. 
Even  in  the  B-i  group  there  are  a  few  normal  individuals,  while 
only  30  per  cent,  have  corpuscles  which  resist  the  saponin  of  B-2 
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altogether.  Beyond  this  we  have  never  seen  resistance  in  normal 
individuals. 

So  far  as  pathological  conditions  are  concerned,  we  have  found 
no  constant  deviations  from  the  normal  values  in  any  one  disease. 
No  increased  resistance  toward  saponin  is  noticeable  in  those  two 
diseases,  more  especially  where  increased  resistance  has  been  ob¬ 
served  toward  the  respective  hemolytic  sera,  viz.,  in  cancer  and 
syphilis  (Crile  and  Peskind).  If  there  be  any  tendency  at  all 
toward  a  deviation  from  the  normal,  it  is  certainly  in  the  direction 
of  increased  vulnerability,  and  not  theYeverse.  This  observation,  as 
also  the  fact  that  the  corpuscles  in  tubercular  patients  and  of  the 
single  case  of  pernicious  anemia  (which  was  very  severe)  show  no 
essential  deviation  from  the  normal,  we  would  emphasize  more 
particularly,  as  it  seems  quite  important  in  principle. 

TOLUOL  HEMOLYSIS. 

For  workers  with  organ  extracts  it  is  important  to  bear  in  mind 
that  toluol,  which  is  so  extensively  used  as  a  preservative,  has  very 
decided  hemolytic  properties.  We  found  that  the  solubility  of 
toluol  in  saline  is  such  that  0.5  c.c.  of  the  saturated  solution  will 
bring  about  the  complete  hemolysis  of  0.5  c.c.  of  a  5  per  cent, 
emulsion  of  chicken  corpuscles  within  30  minutes,  at  37°  C. 

Agents  in  which  toluol  is  more  readily  soluble,  and  which  them¬ 
selves  are  soluble  in  saline,  bring  about  a  corresponding  increase  in 
the  degree  of  hemolysis.  Alcohol  acts  in  this  manner.  For  this 
reason  an  alcoholic  extract  of  an  organ,  containing  toluol,  is  more 
strongly  hemolytic  than  a  corresponding  saline  extract.  Working 
with  both  saline  and  alcoholic  extracts,  which  per  se  were  not 
hemolytic,  but  in  which  the  presence  of  hemolysins  was  simulated 
by  the  toluol,  we  found  that  as  in  saponin  hemolysin  blood  serum 
exercised  a  marked  antihemolytic  effect. 

We  have  studied  55  sera  from  different  diseases,  and  corpuscles 
from  25  cases,  in  their  behavior  toward  toluol  as  an  hemolytic 
agent,  but  have  been  unable  to  observe  any  differences  worth  noting, 
as  compared  with  the  normal. 

So  far  as  the  nature  of  the  antihemolytic  component  of  the  serum 
is  concerned,  we  have  ascertained  that  the  inhibitory  substance  is 
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precipitated  with  the  globulins  on  salting  with  ammonium  sulphate, 
and  that  the  inhibitory  action  of  both  the  euglobulin  and  the  pseudo¬ 
globulin  fraction  is  practically  alike.  Cholesterin  plays  no  role  in 
the  process. 

SOAP  HEMOLYSIS. 

Soap  was  chosen  as  the  next  hemolytic  agent,  because  its  universal 
presence  in  the  fluids  and  tissues  of  the  body  renders  it  especially 
important  as  a  possible  factor  in  the  production  of  anemia. 
Through  the  researches  of  Noguchi  (6o)  and  v.  Liebermann  (6i), 
working  independently  of  one  another,  it  was  first  shown  that  the 
blood  serum  is  capable  of  inhibiting  the  hemolytic  action  of  soaps, 
and  that  their  innocuous  existence  in  the  blood  in  concentrations 
which  in  vitro  would  be  sufficient  to  cause  hemolysis,  is  no  doulit 
dependent  upon  the  antihemolytic  action  of  the  blood  serum.  As  it 
is  a  priori  not  impossible  that  this  antihemolytic  mechanism  may  in 
disease  be  more  or  less  seriously  impeded,  it  would  follow  that  under 
pathological  conditions  soap  hemolysis  might  actually  take  place  in 
the  body,  and  that  by  suitable  experiments  it  should  be  possible  to 
demonstrate  deviations  in  the  antihemolytic  action  of  the  serum. 
To  this  end  we  have  investigated  the  effect  of  the  serum  upon  soap 
hemolysis  in  a  fairly  large  number  of  the  more  important  diseases, 
directing  our  attention  more  particularly  to  cancer,  tuberculosis  and 
syphilis. 

As  in  our  saponin  experiments,  we  first  ascertained  the  concen¬ 
tration  of  the  soap  solution  in  which  complete  hemolysis  of  a  con¬ 
stant  quantity  of  washed  red  corpuscles  will  occur.  Subsequently 
it  was  determined  to  wbat  extent  the  concentration  of  the  soap  solu¬ 
tion  must  be  increased  in  order  to  bring  about  hemolysis  of  the 
same  quantity  of  red  cells  in  the  presence  of  constant  quantities  of 
normal  blood  serum.  After  this,  pathological  sera  were  similarly 
examined. 

I'or  routine  work  wx  cnii)Ioycd  a  0.5  per  cent,  solution  of  sotliuin  oleate  in 
0.85  per  eent.  saline  solution.  The  sera  were  diluted  I ;  10,  and  as  in  our  saponin 
work  we  used  a  5  per  cent,  emulsion  of  thrice-washed  chicken  corpuscles.  Our 
soap  was  the  neutral  sodium  oleate  marketed  by  Merck.  The  general  arrange¬ 
ment  of  the  experiments,  the  hemolytic  power  of  the  soap  and  the  antihemolytic 
effect  of  normal  blood  scrum  is  shown  in  the  following  scheme : 
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I.  Corpuscle  Hemolysis. 

Soap  solution. 

Saline. 

Corpuscles. 

Result  after3o  minutes 
incubation. 

O.I  C.C. 

0.9  C.C. 

O.S  C.C. 

No  hemolysis. 

0.2  C.C. 

0.8  C.C. 

0.5  C.C. 

No  hemolysis. 

0.3  C.C. 

0.7  C.C. 

0.5  C.C. 

Complete  hemolysis. 

0.4  C.C. 

0.6  C.C. 

0.5  C.C. 

Complete  hemolysis. 

0.5  C.C. 

o.s  C.C. 

o.s  C.C. 

Complete  hemolysis. 

II.  Serum  Hemolysis. 

Soap  solution. 

Saline.  Serum. 

Corpuscles. 

Result  after  30  further 
minutes  of  incubation. 

O.I  C.C. 

0.9  C.C.  0.5  C.C. 

0.5 

Inhibition. 

0.2  C.C. 

0.8  C.C.  0.5  C.C. 

0.5 

Inhibition. 

0.3  C.C. 

0.7  C.C.  0.5  C.C. 

0.5 

Inhibition. 

0.4  C.C. 

0.6  C.C.  0.5  C.C. 

0-5 

Inhibition. 

0.5  C.C. 

0.5  C.C.  0.5  C.C. 

0.5 

Marked  hemolysis. 

0.6  C.C. 

0.4  C.C.  0.5  C.C. 

0.5 

Complete  hemolysis. 

0.7  C.C. 

0.3  C.C.  0.5  C.C. 

0.5 

Complete  hemolysis. 

In  this  connection  it  may  not  be  out  of  place  to  refer  to  an  obser¬ 
vation  which  we  made  in  the  course  of  our  experiments,  which 
caused  us  a  great  deal  of  annoyance  for  a  while.  We  obtained  a 
neutral  sodium  oleate  preparation  from  a  local  dealer,  which  at 
first  showed  perfectly  normal  behavior,  hemolyzing  quite  readily  and 
being  inhibited  by  the  addition  of  serum.  After  a  few  weeks,  how¬ 
ever,  it  lost  its  hemolytic  power  entirely,  so  that  the  substance  be¬ 
came  perfectly  useless  for  hemolytic  experiments.  Chemical  investi¬ 
gation  showed  that  our  neutral  oleate  had  been  transformed  almost 
entirely  into  the  oxy-salt.  This  possibility  will  have  to  be  con¬ 
sidered  in  the  future  in  experiments  in  which  an  inhibitory  effect  is 
noted. 

Regarding  the  manner  in  which  sodium  oleate  brings  -  about 
hemolysis,  and  in  which  blood  serum  inhibits  this  action,  we  would 
offer  the  following  tentative  explanation.  While  concentrated  solu¬ 
tions  of  the  oleate  are  actually  neutral  so  far  as  phenolphthalein  is 
concerned,  solutions  of  such  strength  as  are  generally  used  in  hemo¬ 
lytic  work  present  a  markedly  alkaline  reaction.  This  change  can  be 
readily  observed  on  diluting  a  concentrated  solution  to  whicb  a  drop 
or  two  of  pbenolphtbalein  bas  been  added  and  in  which  no  color  can 
be  discerned,  when  from  a  certain  point  off  tbe  red  color  of  the 
sodium  salt  of  phenolphthalein  develops.  On  dilution  of  the  soap 
we  thus  observe  a  hydrolytic  dissociation  leading  to  the  liberation 
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of  oleic  acid  on  the  one  hand  and  caustic  alkali  on  the  other.  In 
view  of  the  fact  that  oleic  acid  is  hemolytic  per  se  and  that  hydroxyl 
ions,  as  I  have  shown  before,  may  act  as  a  katalysing  agent,  it  would 
not  appear  far-fetched  to  explain  soap  hemolysis  in  dilute  solution 
upon  this  basis.  Hemolysis,  it  is  true,  will  also  be  brought  about 
by  concentrated  solutions  of  soap,  in  which  this  dissociation  has  not 
occurred,  but  is  seems  to  me  that  the  two  conditions  are  not  directly 
comparable,  and  that  the  hemolytic  effect  of  concentrated  solutions 
may  very  well  be  due  to  absorption  of  water  from  the  red  corpuscles. 
If  our  view  regarding  soap  hemolysis  in  dilute  solutions  should 
prove  to  be  correct,  it  would  suggest  itself  that  the  inhibitory  action 
of  the  blood  serum  could  very  well  be  due  to  a  neutralizing  effect 
of  the  albumins  acting  as  acids  upon  the  liberated  alkali.  We  offer 
this  explanation  merely  as  a  tentative  one  at  this  time  and  expect  to 
report  upon  the  question  in  some  detail  in  a  separate  paper. 

Our  findings,  so  far  as  the  antihemolytic  action  of  the  blood 
serum  in  disease  is  concerned,  are  collected  in  the  following  Table  II. 

TABLE  II. 

Showing  the  extent  of  the  antihemolytic  power  of  the  blood  serum  under 
various  pathological  conditions.  The  figures  have  reference  to  the  concentration 
of  the  soap  solution  at  which  the  antihemolytic  effect  of  the  serum  (diluted  i:  lo) 
is  first  overcome  (see  example  above). 


Total  no. 
of  cases.  | 

i 

Hemolysis  begins  at 

0.4  c.c. 

Hemolysis  begins  at 

0.5  c.c. 

No.  of 
cases. 

Per  cent. 

No.  of 
cases. 

1  Per  cent. 

Normal  cases . 

19 

7 

37 

12 

1 

Malignant  disease . 

II 

7 

63 

4 

36 

Tuberculosis . 

20 

18 

90 

2 

1  ‘7 

Syphilis . 

6 

I 

17 

5 

93 

Septic  infections . 

4 

3 

75 

I 

25 

Cholelithiasis., . 

4 

2 

50 

2 

50 

Measles . 

I 

I 

100 

Bone  injuries . 

4 

3 

75 

I 

i 

Pneumonia . 

2 

I 

50 

I 

i  50 

Cirrhosis  of  the  liver . 

3 

I 

33 

2 

1  66 

Strongyloides  infection . . 

I 

1 

1  100 

Osteomyelitis . 

I 

I 

100 

Bronchitis . 

I 

I 

100 

! 

Neurasthenia . 

2 

2 

100 

Typhoid  fever . 

I 

1 

100 

Gonorrheal  infections . 

I 

I 

100 

i 

Pyelitis  (calculous) . 

I 

1 

100 

Nephritis . 

I 

I 

100 

Sciatica . 

I 

I 

1  100 

; 

Non-syphilitic  mental  cases . 

5 

5 

100 
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An  analysis  of  this  table  shows  that  whereas  the  majority  of 
normal  sera  are  capable  of  counteracting  the  hemolytic  action  of  the 
soap  solution  up  to  0.5  cubic  centimeters,  there  are  some  individuals 
in  which  the  antihemolytic  power  even  normally  does  not  extend 
beyond  0.3;  hemolysis  in  some  of  these  may  indeed  be  complete 
at  0.4. 

So  far  as  the  behavior  of  the  sera  in  disease  is  concerned,  it 
would  appear  that  there  is  a  decrease  of  the  antihemolytic  action 
under  the  most  divers  pathological  conditions.  It  would  hardly 
seem  justifiable,  however,  to  conclude  that  the  anemia  which  may 
be  an  accompanying  factor  in  some  of  these  conditions  is  due  to 
spontaneous  soap  hemolysis  taking  place  in  the  body,  as  the  same 
decrease  may  be  observed  in  conditions  in  which  no  anemia  at  all 
is  noticeable.  We  rather  incline  to  the  belief  that  the  relatively 
slight  deviation  from  the  average  normal  values  may  be  due  to 
slight  variations  in  the  anion  and  kation  content  of  the  blood  serum, 
and  hence  constitute  an  expression  of  the  alkalinity  of  the  blood. 
It  follows  that  in  the  diseases  which  have  been  studied  there  is  no 
evidence  of  a  special  defensive  reaction  on  the  part  of  the  body  so 
far  as  hemolytic  agents  of  this  order  are  concerned. 

While  our  table  shows  that  there  is  a  decrease  in  the  antihemolytic 
power  of  the  blood  serum  in  various  pathological  conditions,  it  is  evi¬ 
dent  also  that  this  is  inconstant  and  cannot  be  utilized  for  diagnostic 
purposes.  It  is  noteworthy  nevertheless  that  in  the  case  of  soap 
hemolysis  also  a  marked  decrease  in  the  antihemolytic  power  of 
the  serum  is  demonstrable  in  a  large  proportion  (90  per  cent.)  of 
the  tubercular  cases,  and  it  would  seem  of  interest  to  follow  this  up 
in  a  further  study.  In  syphilis,  on  the  other  hand,  normal  relations 
are  encountered. 

BIBLIOGRAPHY. 

1.  Simon,  C.  E.,  Jour,  of  the  American  Med.  Assn.,  1907,  xlviii,  1938. 

2.  Rowley,  M.  W.,  Jour,  of  Exper.  Med.,  1908,  x,  78. 

3.  Idem.,  Nexv  York  Med.  Jour.,  1907,  Ixxxv,  674. 

3a.  Blumenthal,  R.,  Folia  hemat.,  1908,  vi,  193. 

4.  Ehrlich,  P.  and  Morgenroth,  Berliner  klin.  Woch.,  1901,  xxxviii,  251,  569. 

5.  Michaelis,  L.,  Deutsche  med.  Woch.,  1901,  xxvii,  57. 

6.  Kober,  K.,  Cent.  f.  Gynaek.,  1901,  xxv,  530.  See  also  Tauber,  Prager  med. 

Woch.,  1902,  xxvii,  437. 


716 


Auto-antibody  Formation  and  Antihemolysis. 


7.  Metalnikoff,  S.,  Ann.  de  I’Inst.  Pasteur,  1900,  xiv,  577. 

8.  Lindemann,  W.,  Abstracted  in  Jahresber.  u.  d.  Fortschr.  d.  Tierchem.,  1900, 

XXX,  921. 

9.  Nefedieff,  N.,  Ann.  de  I’Inst.  Pasteur,  1901,  xv,  17. 

10.  Bierry,  H.,  Conipt.  rend.  Soc.  de  biol.,  1903,  Iv,  476;  Compt.  rend.  Acad.  d. 

sciences,  1903,  cxxxvi,  909. 

11.  Ascoli  and  Figari.  Cited  by  Bierry,  loc.  cit. 

12.  Donati,  A.,  Arch.  p.  Ic  sc.  med.,  1904,  xxviii,  121 ;  abstracted  in  Folia  hemat., 

190S,  ii.  45- 

13.  Pearce,  R.  M.  and  Sawyer,  H.  P.,  Jour,  of  Med.  Research,  1908,  xix,  269. 

14.  Weichardt,  W.,  Deutsche  med.  Woch.,  1902,  xxviii,  624. 

15.  Liepmann,  W.,  Deutsche  med.  Woch.,  1903,  xxix,  80. 

16.  Centanni,  E.,  Cent.  f.  Bakt.,  1903,  xxxv,  91,  239,  362. 

17.  Centanni,  C.,  ibid.,  1907,  xliii,  508,  614. 

18.  Sabrazes,  I.  and  Muratet,  L.,  Soc.  linneenne  de  Bordeaux,  1907,  15  May. 

Abstracted  in  Folia  hemat.,  1907,  iv.  Sup.,  129. 

19.  Widal,  F.,  Abrami,  P.  and  Brule,  M.,  Comp.  rend.  Soc.  de  biol.,  1908,  Ixiv,  655. 

20.  Ludke,  H.,  Munchener.  med.  Woch.,  1905,  lii,  1429,  1493. 

21.  Friedemann,  U.,  Deutsche  med.  Woch.,  1907,  xxxiii,  585. 

22.  Wohlgemuth,  J.,  Biochem  Zeit.,  igcyj,  iv,  271. 

23.  Weil,  E.  and  Braun,  H.,  Berliner  klin.  Woch.,  1907,  xliv,  1570. 

24.  Landsteiner,  K.,  Muller,  R.  and  Potzl,  O.,  Wiener  klin.  Woch.,  1907,  xx,  1421. 

25.  Simon,  C.  E.  and  Thomas,  W.  S.,  Jour,  of  Exper.  Med.,  1908,  x,  673. 

26.  Elias,  H.,  Neubauer,  E.,  Porges,  O.  and  Salomon,  H.,  Wiener  klin.  Woch., 

1908,  xxi,  652;  Weil,  E.  and  Braun,  H.,  Grosz,  S.  and  Volk,  R.,  ibid.,  1908, 
xxi,  1522. 

27.  Neisser  and  Doering,  Berliner  klin.  Woch.,  1901,  xxxviii,  593. 

28.  Neisser  and  Friedemann,  ibid.,  1902,  xxxix,  677. 

29.  Laqueur,  Deutsche  med.  Woch.,  1901,  xxvii,  744. 

30.  Hedinger,  Deutsche  Arch.  f.  klin.  Med.,  1902,  Ixxiv,  24. 

31.  Wolze,  Cent.  f.  inn.  Med.,  1903,  xxiv,  649. 

32.  Senator,  Berliner  klin.  Woch.,  1904,  xli,  181. 

33.  Ludke  Munchener  med.  Woch.,  1905,  lii,  2065,  2126. 

33a.  Noguchi,  Jour,  of  Exper.  Med.,  1906,  viii,  726. 

34.  V.  Bergmann  and  Keuthe,  Zeit.  f.  exper.  Path.  u.  Therap.,  1906,  iii,  225. 

35.  V.  Bergmann  and  Salvini,  ibid.,  1907,  iv,  817. 

36.  Hoffmann,  ibid.,  1906,  iii,  704. 

37.  Fiessinger,  N.,  Jour,  de  physiol,  et  de  path,  gen.,  1908,  ix,  671. 

38.  Fermi  and  Pernossi,  Zeit.  f.  Hyg.,  1894,  xviii,  83. 

39.  Camus  et  Gley,  Compt.  rend.  Soe.  de  biol.,  1897,  iv,  825. 

40.  Pugliese  and  Coggi,  Bull.  Scienze  med.  di  Bologna,  1897,  viii,  383. 

41.  Hahn,  Berliner  klin.  Woch.,  1897,  xxxiv,  499. 

42.  Ascoli  and  Bezzola,  Berliner  klin.  Woch.,  1903,  xl,  381. 

43.  Kolaczek  and  Muller,  Deutsche  med.  Woch.,  1907,  xxxiii,  253. 

44.  Bittorf,  Deutsche  Arch.  f.  klin.  Med.,  1907,  xci,  212. 

45.  Wiens,  Deutsche  Arch.  f.  klin.  Med.,  1907,  xci,  456. 

46.  Achalme,  Ann  de  I’Inst.  Pasteur,  1901,  xv,  737. 

47.  Brieger,  L.  und  Trebing,  J.,  Berliner  klin.  Woch.,  1908,  xlv,  1041. 


Charles  E.  Simon,  Elizabeth  Melvin  and  Mary  Roche. 


717 


48.  V.  Bergmann  and  Meyer,  K.,  Berliner  klin.  Woch.,  1908,  xlv,  1673. 

49.  Roche,  Mary»  Arch,  of  Internal  Med.,  1909,  iii,  249. 

50.  Panzacchi,  C.,  La  Riforma  medico,  1902,  ii,  592.  Abstracted  in  Jahresber.  u.  d. 

Fortschr.  d.  Tierchem.,  1902,  xxxii,  181. 

51.  Micheli  and  Donati,  Zeit.  f.  Krehsforsch.,  1904,  i,  139. 

52.  Kullmann,  Zeit.  f.  klin.  Med.,  1904,  liii,  293. 

53  Weil,  R.,  Arch,  of  Internal  Med.,  1908,  i,  23. 

54.  Idem.,  Jour,  of  Med.  Research,  1908,  xix,  281. 

55.  Crile,  G.  W.,  Jour,  of  the  American  Med.  Assn.,  1908,  i,  1883;  1908,  li,  158. 

56.  Crile,  G.  W.,  ibid.,  1908,  li,  2036. 

57.  Peskind,  S.,  Proc.  of  the  Soc.  for  Exper.  Biol,  and  Med.,  1908,  vi,  19. 

58.  Sachs,  F.,  Biochem.  Zeit.,  1908,  xii,  283.  ^ 

59.  Ransom,  F.,  Deutsche  med.  IVoch.,  1901,  xxvii,  194. 

60.  Noguchi,  H.,  Proc.  of  the  Soc.  for  Exper.  Biol,  and  Med.,  1907,  iv,  45; 

Biochem.  Zeit.,  1907,  vi,  327. 

61.  V.  Liebermann,  L.,  Biochem.  Zeit.,  1907,  iv,  25;  Arch.  f.  Hyg.,  1907,  Ixii,  277. 


PROTEOI<YTIC  ENZYMES  AND  ANTI-ENZYMES  OE 
NORMAL  AND  PATHOLOGICAL  CEREBRO¬ 
SPINAL  FLUIDS.^ 

By  a.  R.  DOCHEZ. 

(From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research.) 

Study  of  the  proteolytic  enzymes  contained  in  leucocytes,  and  of 
the  enzymotic  and  anti-enzymotic  content  of  inflammatory  exudates 
has  revealed  facts  that  explain  many  of  the  phenomena  observed  in 
the  resolution  and  absorption  of  inflammatory  products. 

The  white  cells  of  an  inflammatory  exudate,  and  doubtless  of  the 
blood  as  well,  may  be  divided  into  two  groups  according  to  their 
enzymotic  activity.  One  group,  formed  by  the  polyniorphonuclear 
neutrophile  leucocyte,  furnishes  an  enzyme  which  exhibits  its 
greatest  activity  in  neutral  or  alkaline  medium.  Opie^  has  called 
this  enzyme  leucoprotease.  It  is  probably  closely  related  to  the 
ot-protease  isolated  from  the  spleen  of  the  ox  by  Hedin.^  On  the 
other  hand,  the  mononuclear  phagocytic  cells  of  inflammatory  exu¬ 
dates  and  similar  cells  in  inflamed  lymph  glands  contain  an  enzyme, 
the  lymphoprotease  of  Opie,  which  digests  only  in  the  presence  of 
a  weakly  acid  reaction,  and  is  almost  entirely  inactive  in  neutral  and 
alkaline  media. 

In  most  of  the  inflammatory  conditions  in  the  body  the  pre¬ 
ponderant  type  of  cell  is  the  polymorphonuclear  leucocyte.  The 
exudates  in  these  inflammations  might  be  expected  to  exhibit  pro¬ 
teolytic  activity.  Opie  has  shown  that  they  do  not  always  cause 
proteolysis  because  the  blood  serum,  which  is  poured  out  with  the 
leucocyte  during  the  inflammatory  reaction,  contains  an  anti-enzyme. 
This  anti-enzymotic  action  is  able  to  check  any  enzyme  that  may 
be  set  free;  thus  the  ability  of  any  exudate  to  digest  protein  is  de- 

*  Received  for  publication  June  26,  1909. 
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pendent  upon  the  relative  amounts  of  enzyme  and  anti-enzyme 
present.  In  sterile  abscesses,  produced  by  such  a  powerful  inflam¬ 
matory  irritant  as  turpentine,  the  stimulus  bringing  about  an  ac¬ 
cumulation  of  leucocytes  is  so  great  that  in  a  short  time  enough 
cells  and  free  enzyme  are  present  to  overcome  completely  the  anti- 
enzymotic  activity  of  the  limited  amount  of  blood  serum  that 
infiltrates  the  inflamed  tissue.  This  preponderance  of  enzyme  over 
anti-enzyme  is  facilitated  because  the  pressure  within  the  confined 
space,  in  which  the  exudate  is  contained,  prevents  such  accumua- 
tions  of  fluid  as  occur  in  large  body  spaces  like  the  pleural  cavity. 
Consequently  one  would  expect  the  contents  of  abscess  cavities  to  be 
powerfully  proteolytic.  This  proteolysis,  which  can  be  convinc¬ 
ingly  demonstrated  in  vitro,  explains  the  rapid  and  often  extensive 
solution  of  tissue  that  accompanies  abscess  formation.'*  It  is  not 
improbable  that  a  purulent  exudate,  in  which  enzyme  is  more  pow¬ 
erful  than  anti-enzyme,  itself  acts  as  an  inflammatory  irritant,  and 
intensifies  the  exudation  of  serum  and  emigration  of  leucocytes. 

Studies  of  Delezenne  and  Pozerski®  and  of  Hedin®  have  shown 
that  the  blood  serum  contains  both  enzyme  and  anti-enzyme.  The 
latter  found  that  the  globulin  fraction  exhibits  the  power  of  active 
proteolysis,  whereas  the  albumin  fraction  manifests  the  character¬ 
istic  anti-enzymotic  action  of  the  whole  serum. 

Little  attention  has  been  given  to  the  proteolytic  enzymes  and 
anti-enzymes  of  the  cerebro-spinal  fluid.  Edw.  Muller'^  has  noted 
the  absence  of  anti-enzymes  in  normal  spinal  fluid.  He  also  has 
compared  the  action  of  centrifugalized  sediment  of  tuberculous  and 
epidemic  meningitis.  The  former  he  finds  exhibits  no  enzymotic 
activity;  the  latter  causes  solution,  when  tested  on  Loeffler’s  serum 
plates.  Chariolanza,®  using  spinal  fluid,  observed  some  slight 
inhibition  of  the  digestive  action  of  pus  on  serum  plates.  Whether 
the  fluid  was  normal  or  not  is  not  mentioned.  In  the  present  study, 
the  absence  of  free  proteolytic  enzyme  in  normal  and  in  most  cases 
in  pathological  spinal  fluids  has  been  repeatedly  observed. 

*  Opie,  Jour,  of  Expcr.  Med.,  1906,  viii,  536. 

°Compt.  rend.  Soc.  de  biol.,  1903,  Iv,  327,  690,  693. 

^  Jour,  of  Physiol.,  1904,  xxx,  195. 
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The  reaction  of  normal  spinal  fluid  is  faintly  alkaline.®  The  low 
specific  gravity^®  is  probably  attributable  to  the  small  protein  content 
namely,  from  .02  to  .04  per  cent.^^  The  protein  of  the  normal  fluid 
consists  entirely  of  serum  globulin,  according  to  most  observers, 
albumin  being  present  only  in  pathological  specimens. 

In  view  of  the  initial  absence  of  both  enzyme  and  anti-enzyme,  the 
spinal  fluid  offers  a  favorable  opportunity  to  determine  what  changes 
occur  with  pathological  conditions.  Since  normal  fluid  contains  no 
anti-enzyme,  it  is  especially  desirable  to  determine  the  properties  of 
an  inflammatory  exudate  containing  polymorphonuclear  leucocytes, 
and  to  know  if  reactions  which  produce  such  exudates  are  peculiarly 
severe  in  the  spinal  canal. 

Methods. — The  spinal  fluids  used  for  the  following  tests  were 
found,  upon  examination,  in  some  instances  normal ;  and  in  others, 
pathological.  The  subsequent  history  of  the  cases  confirmed  the 
opinion  formed  from  the  examination  of  the  specimen  of  fluid  re¬ 
ceived.  All  the  fluids  were  centrifugalized  and  serum  was  obtained 
free  from  cells.  Only  the  supernatant  fluid  was  used  in  the 
experiments,  in  order  that  it  might  be  tested  for  the  presence  of 
proteolytic  enzyme  perhaps  set  free  by  disintegration  of  cells.  The 
enzymotic  activity  of  the  fluid  was  determined  by  adding  varying 
amounts  to  a  flask  containing  beef  serum,  denaturalized  by  heat, 
as  substrate.  The  whole  volume  was  then  made  up  to  25  c.c.  by 
diluting  with  .85  per  cent,  salt  solution,  and  the  mixture  allowed  to 
digest  for  five  days  in  the  thermostat  at  37°  C.  The  coagulable 
protein  was  then  precipitated  by  acidifying  with  dilute  acetic  acid, 
and  boiling  with  an  equal  volume  of  twenty  per  cent,  solution  of 
magnesium  sulphate.  The  coagulum  was  removed  by  filtering  and 
the  incoagulable  nitrogen  of  the  filtrate  determined  by  the  method 
of  Kjeldahl.  The  amount  of  digestion  is  expressed  in  cubic  centi¬ 
meters  of  N/io  sulphuric  acid.  Controls  were  made  in  each  case 
by  boiling  immediately  equal  quantities  of  the  materials  used,  and 
determining  the  incoagulable  nitrogen  of  the  filtrate  in  the  manner 
described  above.  The  anti-enzymotic  activity  of  the  fluids  to  be 

‘Thomson,  Hill  and  Halliburton,  Proc.  of  the  Royal  Soc.,  1899,  Ixiv,  343. 

’“T.  Sollmann,  Jour,  of  the  American  Med.  Assn.,  1903,  xl,  1569. 

”  Pfaundler,  Jahrb.  f.  Kindcrh.,  1899,  xlix,  264. 

”  Thomson,  Hill  and  Halliburton,  loc.  cit. ;  T.  Sollmann,  loc.  cit. 
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tested  was  measured  by  adding  to  each  digestion  flask,  in  addition  to 
the  cerebro-spinal  fluid,  a  weighed  amount  of  leucocytic  enzyme. 
The  mixture  was  placed  in  the  thermostat  for  five  days  and  the 
amount  of  digestion  determined  by  the  method  given  above.  The 
degree  of  inhibition  is  estimated  by  subtracting  from  the  figure 
representing  digestion  caused  by  enzyme  alone  that  representing 
digestion  by  the  same  quantity  of  enzyme  in  the  presence  of  meas¬ 
ured  amounts  of  spinal  fluid. 

ENZYME  AND  ANTI-ENZYME  IN  NORMAL  SPINAL  FLUID. 

In  the  following  experiments  the  fluid  employed  contained  no 
microorganisms,  and  the  subsequent  history  of  the  patients  gave  no 
evidence  of  any  pathological  condition  of  the  meninges  or  central 
nervous  system. 

Case  I. — The  patient  from  whom  this  specimen  of  fluid  was  withdrawn  was 
admitted  to  the  Presbyterian  Hospital  suffering  with  sero-fibrinous  pleurisy. 
The  spinal  fluid  was  clear  and  colorless  and  contained  no  blood  or  sediment. 
The  bacteriological  examination  was  negative.  The  volume  was  50  c.c. 


Enzymatic  Activity. 


Control. 

After  5  days 
at  37°. 

Digestion. 

0.5  c.c.  spinal  fluid  -f  substrate . 

1.3  C.C. 

0.25  C.C. 

i.oc.c.  spinal  fluid  +  substrate . 

.  1.2  C.C. 

1.3  C.C. 

O.I  C.C. 

2.5  c.c.  spinal  fluid  +  substrate . 

1.4  C.C. 

None 

Anti-enzymotic  Activity. 


Control. 

After  5  days 
at  37°. 

Digestion, 

Inhibition 

20  mg.  leucoprotease  +  substrate  . . 
20  mg.  leucoprotease  +  substrate 

.  1.5  c.c. 

16.9  C.C. 

154  C.C. 

-f-  0.5  c.c.  sp.  fl . . 

. .  1.65  c.c. 

17.2  C.C. 

15-55  c.c. 

None 

20  mg.  leucoprotease  +  substrate 

+  i.o  c.c.  sp.  fl . 

. .  1.8  C.C.- 

17.0  C.C. 

15.2  c.c. 

0.2  c.c. 

20  mg.  leucoprotease  +  substrate 

-f-  2.5  c.c.  sp.  fl . 

. .  2.2  c.c. 

17.25  C.C. 

T  5-05  c.c. 

0.35  c.c. 

The  slight  differences  seen  here  between  free  digestions  and  con¬ 
trols  are  within  the  limits  of  experimental  error  and  cannot  be  con¬ 
sidered  as  evidence  of  enzymotic  or  anti-enzymotic  activity. 
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Case  II. — Spinal  fluid  was  obtained  from  a  patient  in  the  third  week  of  an 
attack  of  typhoid  fever.  It  was  normal  in  appearance  and  contained  no  blood 
or  sediment.  The  bacteriological  examination  was  negative. 

Enzymatic  Activity. 


Control.  S  Digestion. 

ai  37  , 


2.5  c.c.  sp.  fl.  +  substrate  +  0.2  %  acetic 

.  2.8 

C.C. 

2.55  C.C. 

None 

2.5  c.c.  sp.  fl.  -|-  substrate  (neutral) 

.  2.8 

c.c. 

2. IS  C.C. 

None 

2.5  c.c.  sp.  fl.  -f  substrate  +  0.2  %  sod. 

carb. .  2.8 

c.c. 

2.6  C.C. 

None 

Anti-enzymatic  Activity. 

Control. 

After  5  days 
at  37O. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  -|-  substrate  . 

20  mg.  leucoprotease  +  substrate 

2.1  C.C. 

16.S  C.C. 

14.4  C.C. 

-H  2.5  c.c.  sp.  fl . 

34  C.C. 

19.8  C.C. 

16.4  C.C. 

None 

This  fluid  shows  no  digestive  activity ;  the  increase  in  digestion  in 
the  flask  containing  spinal  fluid  and  added  leucoprotease  is  difficult 
to  explain.  Perhaps  the  spinal  fluid  forms,  as  a  result  of  slightly 
increased  alkalinity,  or  some  other  cause,  a  favorable  medium  for 
the  action  of  leucoprotease. 

Case  III. — The  fluid  used  in  this  experiment  was  obtained  after  traumatism. 
It  was  clear  and  limpid,  of  very  faint  yellow  tinge,  and  showed  no  sediment. 
The  bacteriological  examination  was  negative.  The  amount  of  fluid  was  20  c.c. 


Enzymatic  Activity. 


Control. 

After  5  days 
at  37°. 

Digestion. 

0.5  c.c.  sp.  fl.  +  substrate . 

1.2  C.C. 

1.45  C.C. 

0.25  C.C. 

i.oc.c.  sp.  fl.  -j-  substrate . 

1.35  C.C. 

1. 5  C.C. 

O.IS  C.C. 

2  5  c.c.  sp.  fl.  -|-  substrate . 

1.7  C.C. 

1.7  C.C. 

None 

Anti-enzymatic  Activity. 

Control. 

After  5  days 
at  37°. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  +  substrate  . . 
20  mg.  leucoprotease  -|-  substrate 

. .  1.7  C.C. 

14.7  C.C. 

13.0  C.C. 

-f  0.5  c.c.  sp.  fl . 

.  .  1.8  C.C. 

14.S  C.C. 

12.7  C.C. 

0.3  C.C. 

20  mg.  leucoprotease  substrate 

-|- I.oc.c.  sp.  fl . 

. .  1.9  C.C. 

13.6  C.C. 

1 1.7  C.C. 

1.3  C.C. 

20  mg.  leucoprotease  substrate 

+  2.5  c.c.  sp.  fl . 

.  ,  2.2  C.C. 

16.3s  C.C. 

I4.I  C.C. 

None 

This  fluid  apparently  exhibits  slight  power  to  inhibit  the  activity 
of  leucoprotease.  Absence  of  red  blood  cells  showed  that  it  con- 
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tained  no  blood  serum  as  a  result  of  injury  due  to  tapping.  The 
result  indicating  inhibition  is  at  variance  with  the  other  observa¬ 
tions;  in  the  flask  containing  the  largest  quantity  of  spinal  fluid, 
2.5  C.C.,  no  inhibition  is  manifest. 

The  foregoing  study  of  normal  spinal  fluid  shows  that  this  fluid 
differs  markedly  in  enzymotic  and  anti-enzymotic  content  from  the 
blood  serum  and  lymph,  for  both  of  these  fluids  contain  an  anti¬ 
enzyme  which  is  able  to  check  completely  the  activity  of  the  pro¬ 
teolytic  enzyme  of  the  polymorphonuclear  leucocyte.  The  blood 
serum,  moreover,  contains  an  enzyme  ^hich  is  active  in  acid  medium. 
Tests  of  the  spinal  fluid  made  in  Case  II  above  show  it  to  contain 
no  enzyme  which  is  able  to  cause  proteolysis  either  in  acid,  neutral 
or  alkaline  medium.  Furthermore,  it  does  not  exhibit  the  anti- 
enzymotic  activity  of  the  blood  and  lymph.  The  absence  of  both 
of  these  qualities  is,  perhaps,  explained,  in  part,  by  the  low  protein 
content,  since  it  has  been  demonstrated  that  the  enzymotic  activity 
of  the  blood  is  associated  with  the  globulin  fraction  of  the  serum, 
and  the  anti-enzyme  with  the  albumin.  Albumin  is  entirely  want¬ 
ing  in  normal  spinal  fluid.  What  is  known  concerning  the  albumin 
and  globulin  of  the  spinal  fluid  in  pathological  conditions  suggests 
the  possibility  that  both  enzyme  and  anti-enzyme  may  be  increased 
so  that  in  some  instances  active  proteolysis  may  occur,  whereas  in 
others  the  anti-enzyme  may  predominate.  Doubtless  there  is  some 
selective  power  exerted  upon  the  substances  which  are  allowed  to 
pass  into  the  spinal  fluid.  The  almost  unique  absence  of  serum 
albumin  in  normal  fluid  suggests  this  possibility. 

Through  the  kindness  of  Dr.  L.  Emmett  Holt  a  specimen  of 
spinal  fluid  was  received  from  a  child  suffering  with  so-called  serous 
meningitis.  The  etiology  of  the  disease  is  obscure.  Quincke  has 
separated  the  condition  from  the  ordinary  forms  of  meningitis  of 
known  infectious  origin.  Although  in  the  present  instance  an 
autopsy  was  not  obtained  the  clinical  picture  was  that  described  as 
serous  meningitis. 
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Case  IV. — The  spinal  fluid  was  clear  and  limpid  and  contained  no  sediment 
or  blood.  The  volume  was  6o  c.c.  The  bacteriological  examination  was  negative. 

Enzymatic  Activity. 


Control. 

After  s  days 
at  37°. 

Digestion. 

I.oc.c.  sp.  fl. -t- substrate -T  0.2  %  acetic  . 

1. 1  C.C. 

1.3  C.C. 

0.2  C.C. 

1. 0  c.c.  sp.  fl. -|- substrate  (neutral)  . 

1. 1  C.C. 

I.s  C.C. 

0.4  C.C. 

I.oc.c.  sp.  fl.  -j-  substrate  -f-  0.2  %  sod.  carb _ 

I. I  C.C. 

1.2  C.C. 

O.I  C.C. 

Anti-enzymotic  Activity. 

Control. 

After  5  days 
at  37O. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  -b  substrate  .  1.2  c.c. 

20  mg.  leucoprotease  4-  substrate 

19.8  C.C. 

18.6  C.C. 

-f- I.oc.c.  sp.  fl .  1.2 c.c. 

20.3  C.C. 

19.1  C.C. 

None 

In  this  experiment  the  fluid  examined  manifests  the  absence  of 
enzymotic  and  anti-enzymotic  action  previously  observed  in  normal 
spinal  fluid.  The  lack  of  anti-enzyme,  in  this  instance,  is  evidence 
that  the  fluid  does  not  contain  blood  serum.  It  suggests  the  absence 
of  a  chronic  inflammatory  condition  of  the  meninges  for  it  will 
be  shown  later  that,  in  meningitis  running  a  chronic  course,  there 
is  a  tendency  for  the  anti-enzyme  of  the  spinal  fluid  to  increase. 

SUPPURATIVE  MENINGITIS. 

In  the  following  flve  cases  microorganisms  other  than  Diplo- 
coccus  intracellularis  meningitidis  of  Weichselbaum  were  isolated 
from  the  spinal  fluid. 

Case  V. — The  spinal  fluid  used  in  the  following  test  was  from  a  case  of 
suppurative  meningitis  due  to  infection  with  Streptococcus  mucosus.  The  course 
of  the  disease  was  acute;  the  patient,  a  woman  fifty-three  years  old,  dying  five 
days  after  the  onset  of  symptoms.  At  lumbar  puncture,  on  the  fourth  day  of  the 
disease,  the  fluid  rose  in  the  manometer  tube  205  mm.  and  40  c.c.  were  with¬ 
drawn.  The  fluid  was  turbid  and  gave  a  heavy  yellowish  sediment  on  standing. 
The  bacteriological  examination  showed  a  pure  culture  of  Streptococcus  mucosus. 

Enzymotic  Activity. 

Control. 


After  5  days 

at  37®.  Digestion. 

5.2  C.C.  4.T  C.C. 

7.8  c.c.  6.5  c.c. 

10.4  c.c.  8.4  c.c. 


0.5  c.c.  spinal  fluid  substrate 
i.oc.c.  spinal  fluid  -f-  substrate 
2.5  c.c.  spinal  fluid  -|-  substrate 


1. 1  c.c. 
1.3  c.c. 
2.0  c.c. 
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Anti-enzymotic  Activity. 


20  mg.  leucoprotease  +  substrate  . 

20  mg.  leucoprotease  +  substrate 

+  0.5  c.c.  sp.  fl . 

20  mg.  leucoprotease  +  substrate  ’ 

+  1.0  c.c.  sp.  fl . 

20  mg.  leucoprotease  +  substrate 

+  2.5  c.c.  sp.  fl . 


Control. 

After  5  days 
at  37O. 

Digestion. 

Inhibition. 

1.5  C.C. 

16.9  C.C. 

15.4  c.c. 

1.7  C.C. 

18.3  C.C. 

16.6  c.c. 

None 

1.9  C.C. 

18.0  C.C. 

16.1  c.c. 

None 

2.6  C.C. 

17.5  C.C. 

14.9  c.c. 

0.5  c.c. 

There  has  been  active  digestion  of  coagulated  protein  by  this  spinal 
fluid.  If  anti-body  of  the  blood  serum  has  been  poured  out  into 
the  exudate  it  is  insufficient  to  check  the  proteolytic  activity  of  the 
free  enzyme  present.  There  is  increased  digestion  rather  than 
inhibition  of  leucoprotease  with  0.5  and  i.o  c.c.  of  spinal  fluid. 
Slight  inhibition  with  a  greater  quantity  is  difficult  to  explain  for 
the  same  amount  alone  causes  active  proteolysis. 


Case  VI. — The  patient  from  whom  the  present  specimen  was  obtained  died 
five  days  after  the  onset  of  symptoms  of  meningitis.  The  course  of  the  disease 
was  acute.  Autopsy  showed  the  dura  mater  and  pia  mater  to  be  thickened. 
There  was  fairly  abundant  purulent  exudate  over  the  cortex,  especially  in  the 
sulci  and  median  line.  Sections  showed  that  the  meninges  were  covered  with  a 
thick  layer  of  fibrin  and  were  pervaded  with  leucocytes.  There  was  some  slight 
leucocytic  infiltration  of  the  cortex  in  places.  At  lumbar  puncture,  performed 
on  the  third  day  of  the  disease,  the  fluid  flowed  out  at  the  top  of  a  manometer 
tube  550  mm.  in  length;  100  c.c.  were  withdrawn.  The  spinal  fluid  was  pale 
yellow  in  color  and  showed  a  heavy  sediment.  Diplococcus  lanceolatus  was 
isolated  in  pure  culture. 


Control. 

After  s  days 
at  37°. 

Digestion. 

1.0  c.c.  sp.  fl.  +  substrate  +  0.2  %  acetic  _ 

.  1.55  C.C. 

2.5  C.C. 

'0.95  C.C. 

1.0  c.c.  sp.  fl.  +  substrate  (neutral)  . 

.  1.55  C.C. 

6.1  C.C. 

4-55  C.C. 

I.o  c.c.  sp.  fl.  +  substrate  +  0.2  %  sod.  carb. . 

.  1.55  C.C. 

7.5  C.C. 

5-95  c.c. 

Anti-enzymotic  Activity. 

After  s  days 
Control,  at  37°. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  +  substrate  . .  1.65  c.c. 

15-75  c.c. 

14. 1  C.C. 

20  mg.  leucoprotease  +  substrate 

+  1.0  c.c.  sp.  fl .  2.15  c.c. 

16.7  c.c. 

14-55  C.C. 

None 

Since  digestion  is  much  greater  in  neutral,  and  particularly  in 
alkaline  medium,  than  in  acid,  the  active  enzyme  present  is  the 
leucoprotease  of  the  polymorphoneuclear  cells,  doubtless  set  free  by 
their  disintegration. 
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Case  VII. — The  patient  from  whom  this  specimen  was  withdrawn  was  a  girl 
ten  years  of  age.  The  course  of  the  disease  was  very  acute,  the  patient  dying 
the  day  after  admission  to  the  hospital.  Lumbar  puncture  on  the  second  day  of 
the  disease  yielded  twenty  cubic  centimeters  of  pale  yellow,  turbid  fluid  under 
moderate  pressure.  On  standing  a  heavy  sediment  was  deposited.  The  bacterio¬ 
logical  examination  showed  a  pure  culture  of  Diplococcus  lanceolatus. 

Enzymatic  Activity. 


Control. 

After  5  days 
at  37°. 

Digestion. 

i.o  c.c.  sp.  fl.  +  substrate . 

.  1.7s  C.C. 

7.6  C.C. 

5.85  C.C. 

2.5  c.c.  sp.  fl.  +  substrate . 

1 1.7  C.C. 

9.0  C.C. 

Anti-enzymatic  Activity. 

After  s  days 
Control.  at  37°. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  +  substrate  . . 

.  1.2  C.C.  15.6  C.C. 

14.4  C.C. 

20  mg.  leucoprotease  +  substrate 

+  1.0  c.c.  sp.  fl . 

.  1.85  C.C.  17.3  C.C. 

1545  C.C. 

None 

20  mg.  leucoprotease  +  substrate 

+  2.5  c.c.  sp.  fl . 

.  2.8  C.C.  18.9  C.C. 

16.I  C.C. 

None 

The  spinal  fluid  digests  protein  actively.  It  also  increases  the 
activity  of  leucoprotease.  The  nitrogen  of  the  incoagulaljle  protein 
in  5  c.c.  of  spinal  fluid  is  equivalent  to  3.3  cubic  centimeters 
AVio  sulphuric  acid.  Its  contrast  with  the  normal  value  of  1.3  c.c. 
N/io  sulphuric  acid  the  average  from  three  normal  fluids  (Cases 
I,  II  and  III),  shows  that  proteolysis  was  probably  in  progress  dur¬ 
ing  life  in  the  spinal  fluid. 

Case  VIII. — In  the  patient  from  whom  this  fluid  was  obtained,  a  man  thirty- 
two  years  old,  the  involvement  of  the  meninges  was  secondary  to  an  attack 
of  lobar  pneumonia.  The  duration  of  the  meningitis  was  two  days.  The 
patient  died  on  the  seventh  day  of  the  disease.  On  the  day  of  development  of 
meningeal  symptoms,  25  c.c.  of  pale  yellow,  turbid  spinal  fluid  under  slightly 
increased  pressure  were  obtained.  No  blood  was  present  in  the  fluid.  The  bac¬ 
teriological  examination  showed  Diplococcus  lanceolatus. 


Enzymatic  Activity. 


Control. 

After  5  days 
at  37°. 

Digestion. 

1.0  C.C.  sp.  fl.  +  substrate  (neutral)  . 

1.4  C.C. 

I. I  C.C. 

None 

1.0  c.c.  sp.  fl.  +  substrate  +  0.2  %  sod.  carb.... 

1.4  C.C. 

3.7  C.C. 

2.3  c.c. 

A nti-enzymatic  A ctivity. 

Control. 

After  5  days 
at  37°. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  +  substrate  .  1.3  c.c. 

20  mg.  leucoprotease  +  substrate 

17-3  c.c. 

16.0  C.C. 

+  1.0  c.c.  sp.  fl.  .  1.5  c.c. 

17.9  c.c. 

16.4  C.C. 

None 
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This  fluid  shows  no  digestion  in  neutral  medium,  and  slight  diges¬ 
tion  in  alkali;  there  is  no  inhibition  of  leucoprotease. 

Case  IX. — The  patient,  a  woman  twenty-five  years  old,  first  showed  symp¬ 
toms  of  meningitis  three  weeks  before  admission  to  the  hospital.  These  cleared 
up  somewhat,  only  to  become  acute  again  two  days  before  admission.  The  patient 
died  three  days  later.  Lumbar  puncture  was  done  on  what  was  probably  the 
twenty-second  day  of  the  disease.  Sixty  cubic  centimeters  of  cloudy  fluid  were 
withdrawn.  A  moderate  yellow  sediment  was  deposited  on  standing.  The  fluid 
showed  a  blood-stained  coagulum  and  some  red  blood  cells.  Diplococcus  lanceo- 
latus  was  isolated  in  pure  culture. 


Enzymotic  Activity. 


Control. 

After  5  days 
at  37°. 

Digestion. 

T.oc.c.  sp.  fl.  +  substrate  -f-  0.2  %  acetic 

1.3  C.C. 

1.7  C.C. 

0.4  C.C. 

i.o  c.c.  sp.  fl. -f  substrate  (neutral) 

1.3  C.C. 

1.7  C.C. 

0.4  C.C. 

1 .0  c.c.  sp.  fl. -|- substrate -|- 0.2  %  sod.  carb _ 

1.3  C.C. 

1.9  C.C. 

0.6  C.C. 

Anti-enzymotic  Activity. 

Control. 

After  5  days 
at  37°. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  -b  substrate  . 

20  mg.  leucoprotease  -b  substrate 

1.8  C.C. 

17.0  C.C. 

15.2  C.C. 

-b  1.0  c.c.  sp.  fl . 

1.9  C.C. 

15.9  C.C. 

14.0  C.C. 

1.2  C.C. 

The  course  of  the  disease  was  more  extended  in  this  case  than  in 
the  four  preceding  cases.  There  is  practically  no  digestion  and 
only  slight  inhibition.  A  few  hours  before  the  fluid  used  was  with¬ 
drawn  an  attempt  at  lumbar  puncture  had  resulted  in  considerable 
hemorrhage  and  it  is  probable  that  the  spinal  fluid  obtained  later 
was  mixed  with  blood  serum. 

The  following  spinal  fluids  are  from  patients  suffering  with 
epidemic  cerebro-spinal  meningitis.  All  these  patients  were  treated 
by  injection  of  Flexner’s  anti-meningitis  serum  into  the  subdural 
space.  Specimens  of  the  fluid  were  obtained  both  before  and  after 
injection  through  the  kindness  of  Dr.  E.  Singer  of  Lebanon  Hos¬ 
pital  of  New  York. 

Case  X. — The  patient  from  whom  spinal  fluid  was  secured  was  a  boy  twelve 
years  of  age.  The  course  of  the  disease  was  mild,  the  temperature  returning  to 
normal  on  the  tenth  day.  The  first  lumbar  puncture  was  made  on  the  third  day 
of  the  disease  and  the  fluid  obtained  was  used  in  the  following  experiment.  The 
spinal  fluid  was  pale  yellow  in  color  and  showed  a  fairly  heavy  yellow  sediment. 
No  blood  was  present.  Diplococcus  intracellularis  meningitidis  was  demon¬ 
strated  in  smears  and  by  culture. 
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Enzymatic  Activity. 


Control. 

After  5  days 
at  37°. 

Digestion. 

i.o  c.c.  sp.  fl.  -h  substrate  -f  0.2  %  acetic  . 

1.3  C.C. 

1.8  C.C. 

0.5  C.C. 

i.o  c.c.  sp.  fl. -|- substrate  (neutral)  . 

1.3  C.C. 

1.8  C.C. 

0.5  C.C. 

I.o  c.c.  sp.  fl.  -f-  substrate  +  0.2  %  sod.  carb _ 

1.3  C.C. 

2.1  C.C. 

0.8  C.C. 

Anti-enzymotic  Activity. 

Control. 

After  5  days 
at  37° 

Digestion. 

Inhibition. 

20  mg.  leucoprotease substrate  ..  1.6  c.c. 

20  mg.  leucoprotease  -f-  substrate 

157s  c.c. 

14.15  C.C. 

-f  1.0  c.c.  sp.  fl .  1.85  c.c. 

iS-3  c.c. 

1345  C.C. 

0.7  C.C. 

Trivial  digestion  and  inhibition  have  occurred,  and  indicate  the 
probable  presence  of  free  enzyme  and  anti-enzyme  in  very  small 
amounts. 


The  second  lumbar  puncture  in  this  case  was  made  on  the  fourth  day  of  the 


disease.  Thirty  cubic  centimeters  of  spinal  fluid  {second 

Specimen) 

were  with- 

drawn. 

Control. 

After  5  days 
at  37°. 

Digestion. 

1.0  c.c.  sp.  fl.  -f-  substrate  -1-  0.2  % 

acetic  . 

1.4  C.C. 

1.7  C.C. 

0.3  C.C. 

1.0  c.c.  sp.  fl. -|- substrate  (neutral)  . 

1.4  C.C. 

1.4  C.C. 

None 

1.0  c.c.  sp.  fl.  substrate  +  0.2  % 

sod.  carb. . . 

1.4  C.C. 

1.45  C.C. 

None 

Control. 

After  5  days 
at  37O. 

Digestion. 

Inhibition. 

20  mg.  l6ucoprotease  -h  substrate 
20  mg.  leucoprotease  -|-  substrate 

. .  1.6  c.c. 

1575  C.C. 

14.15  C.C. 

-+-1.0C.C.  sp.  fl . 

. . .  1.95  c.c. 

10.55  C.C. 

8.6  C.C. 

5-55  c.c. 

This  fluid  causes  no  digestion,  whereas  the  power  of  inhibition  has 
become  very  marked. 

Immediately  after  the  last  lumbar  puncture  30  c.c.  of  anti-meningitis  serum 
were  injected  into  the  subdural  space.  Thirty  cubic  centimeters  of  spinal  fluid 
{third  specimen)  were  withdrawn  twenty-four  hours  later  on  fifth  day  of  dis¬ 
ease,  preparatory  to  another  injection  of  serum. 


Control. 

After  5  days 
at  37“. 

Digestion. 

1.0  c.c.  sp.  fl.  -1-  substrate  -h  0.2  % 

acetic . 

1.65  C.C. 

1.65  C.C. 

None 

1.0  c.c.  sp.  fl.  -t-  substrate  (neutral)  . 

1.65  C.C. 

1.9  C.C. 

0.25  c.c. 

1.0  c.c.  sp.  fl.  +  substrate  -f-  0.2  % 

sod.  carb.. 

1.65  C.C. 

1.75  c.c. 

O.I  C.C. 

Control. 

After  s  days 
at  37°. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  +  substrate 
20  mg.  leucoprotease  -|-  substrate 

...  1.6  C.C. 

1575  C.C. 

14.15  C.C. 

-t- 1.0  c.c.  sp.  fl . 

_  2.2  C.C. 

12.8  c.c. 

10.6  c.c. 

3-55  c.c. 

A.  R.  Dochez. 
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Inhibition  has  diminished  somewhat,  notwithsanding  the  injection 
of  30  c.c.  of  a  serum  whose  power  to  inhibit  leucoprotease  is  equal 
to  that  of  fresh  blood  serum.^^ 

Twenty-four  hours  before  the  next  specimen  of  fluid  was  withdrawn,  the 
patient  had  received  a  second  injection  of  30  c.c.  of  serum  into  the  subdural 
space.  By  lumbar  puncture  30  c.c.  of  cloudy,  faintly  orange-colored  fluid  (fourth 
specimen)  were  secured  on  the  seventh  day  of  the  disease. 


Control. 

After  s  days 
at  37°. 

Digestion. 

I  0  c.c.  sp.  fl.  +  substrate  -f-  0.2  % 

acetic . 

1.3  C.C. 

1.5  C.C. 

0.2  C.C. 

i.o  c.c.  sp.  fl.  -f  substrate  (neutral) 

1.3  C.C. 

I.S  C.C. 

0.2  C.C. 

1.0  c.c.  sp.  fl.  -h  substrate  +  0.2% 

sod. 

carb .... 

1.3  C.C. 

1.6  C.C. 

0.3  C.C. 

Control. 

After  5  days 
at  37°. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  -h  substrate 
20  mg.  leucoprotease  -t-  substrate 

1.65  C.C. 

IS  S  C.C. 

13.85  C.C. 

-1-i.oc.c.  sp.  fl . 

1.85  C.C. 

16.0  C.C. 

14. IS  C.C. 

None 

The  anti-enzymotic  action  of  the  fluid  previously  observed  has 
entirely  disappeared. 


Thirty  cubic  centimeters  of  fluid  specimen)  were  withdrawn  twenty- 

four  hours  after  the  third  injection  of  30  c.c.  of  serum  on  the  eighth  day  of  the 
disease. 


Control. 

After  5  days 
at  37°. 

Digestion. 

I.O  C.C.  sp.  fl.  -h  substrate  -|-  0.2  % 

acetic . 

1.45  C.C. 

1.5  C.C. 

None 

1.0  c.c.  sp.  fl.  4-  substrate  (neutral)  . 

I.4S  C.C. 

1.4  C.C. 

None 

1.0  c.c.  sp.  fl.  +  substrate  -f-  0.2  % 

sod.  carb . . . 

1.45  c.c. 

0.9  C.C. 

None 

Control. 

After  5  days 
at  37°. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  substrate 
20  mg.  leucoprotease  +  substrate 

...  1.9  C.C. 

15-75  C.C. 

13.8s  C.C. 

-f  1.0  c.c.  sp.  fl . 

.  .  .  .  2.0  C.C. 

16.0  C.C. 

14.0  C.C. 

None 

During  the  time  represented  by  the  above  series  of  fluids  the 
patient  has  received  into  the  sub-dural  space  90  c.c.  of  anti-menin¬ 
gitis  serum  in  doses  of  30  c.c.  at  intervals  of  twenty-four  hours.  At 
no  time  is  any  digestive  action  manifest.  The  inhibitory  power  of 
the  fluid  is  greatest  on  the  fourth  day  of  the  disease  and  then 
rapidly  declines  to  disappear  completely  on  the  sixth  day  of  the 
disease.  This  loss  of  inhibition  appears  in  spite  of  repeated  injec- 
”  See  page  730. 
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tions  of  a  serum  capable  of  inhibiting  the  action  of  leucoprotease, 
for  previous  to  the  performance  of  the  above  series  of  experiments, 
tests  of  the  power  of  the  anti-meningitis  serum  used  to  inhibit 
leucoprotease  have  been  made.  The  following  test  shows  that  the 
serum,  after  standing  on  ice  for  three  months,  has  lost  none  of 
its  initial  power  to  inhibit  leucoprotease. 


Anti-ensymotic  Activity  of  Anti-meningitis  Serum  Three  Months  Old. 


Control. 

After  5  days 
at  37°. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  -h  substrate  . . 
20  mg.  leucoprotease  -t-  substrate 

.  1.7  C.C. 

15.1  C.C. 

13.4  C.C. 

-h  0.5  c.c.  anti-serum  . 

.  1.85  C.C. 

2.6  C.C. 

0.75  c.c. 

12.65  c.c. 

20  mg.  leucoprotease  -t-  substrate 

-t-  i.oc.c.  anti-serum  . 

.  2.0  C.C. 

2.2  C.C. 

0.2  C.C. 

13.2  c.c. 

20  mg.  leucoprotease  +  substrate 

+  2.5  c.c.  anti-serum  . 

.  2.5  C.C. 

2.4  C.C. 

None 

13.4  c.c. 

Anti-enzymotic  Activity  of  Freshly  Drawn  Anti-meningitis  Serum. 

Control. 

At  37°. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  +  substrate  . . 
20  mg.  leucoprotease  +  substrate 

...  1.7  C.C. 

15.1  C.C. 

13.4  c.c. 

-|-  I.oc.c.  anti-serum  . 

.  ..  2.0  C.C. 

2.3  c.c. 

0.3  c.c. 

13.1  C.C. 

From  these  results  it  is  seen  that  anti-meningitis  serum  retains 
undiminished,  after  three  months,  its  power  to  inhibit  leucoprotease. 

Case  XL — The  patient  from  whom  the  following  spinal  fluids  were  with¬ 
drawn  was  a  woman  twenty-six  years  old.  The  course  of  the  disease  was  severe, 
the  patient  dying  on  the  thirteenth  day.  The  first  fluid  was  withdrawn  on  the 
tenth  day  of  the  disease.  It  was  colorless  and  contained  only  a  small  amount  of 
sediment,  and  no  blood.  Diplococcus  intracellularis  meningitidis  was  isolated 
from  the  fluid  by  culture. 


Enzymotic  Activity. 


Control. 

After  5  days 
at  37°. 

Digestion. 

I.oc.c.  sp.  fl.  +  substrate . 

.  1.35  C.C. 

1.3  C.C. 

None 

Anti-enzymotic  Activity. 

Control. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  +  substrate  . . , 
20  mg.  leucoprotease  -|-  substrate 

.  .  1.45  C.C.  10.9  c.c. 

9-45  c.c. 

-f  I.oc.c.  sp.  fl . 

. .  1.6  c.c.  1 1. 1  c.c. 

9.5  c.c. 

None 

No  enzymotic  or  anti-enzymotic  action  is  manifested  by  this  fluid. 
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The  fluid  {second  specimen)  obtained  the  next  day  resembled  that  of  the 
first  tap.  Tests  with  the  quantities  previously  used  gave  the  following  results; 

Enzymatic  Activity. — Digestion:  0.2 c.c. 

Anti-enzymotic  Activity. — Inhibition:  0.7 c.c. 

The  following  specimen  of  fluid  {third  specimen)  was  secured  on  the  twelfth 
day  of  the  disease.  During  the  preceding  forty-eight  hours  the  patient  had 
received  by  injection  into  the  sub-dural  space  two  doses  of  anti-meningitis  serum 
of  40  c.c.  each.  The  present  fluid  was  orange-yellow  in  color  and  contained  a 
heavy  sediment.  A  few  red  blood  cells  were  present. 

Enzymatic  Activity. — Digestion:  none. 

Anti-enzymotic  Activity. — Inhibition:  1.95 c.c. 

The  fluid  shows  some  inhibition  of  leucoprotease. 

The  following  test  was  made  with  spinal  fluid  {fourth  specimen)  removed 
twenty-four  hours  after  the  third  consecutive  injection  of  40  c.c.  of  anti-menin¬ 
gitis  serum.  The  patient  died  the  same  day.  The  fluid  was  orange-yellow  in 
color.  The  sediment  was  less  than  in  the  preceding  specimen.  No  blood  was 
present. 

Enzymatic  Activity. — Digestion;  o.i  c.c. 

Anti-enzymotic  Activity. — Inhibition:  1.85 c.c. 

The  fluids  of  this  series  fail  to  show  any  digestive  power.  The 
inhibitory  action  upon  leucoprotease  has  been  greatest  after  the 
second  injection  of  anti-meningitis  serum. 

Case  XII. — The  following  series  of  fluids  was  obtained  from  a  girl  nine  years 
old.  The  course  of  the  disease  was  severe  and  especially  resistent  to  treatment. 
The  patient  died  on  the  forty-seventh  day  of  the  disease.  A  record  of  the  amount 
of  fluid  withdrawn  at  each  puncture  was  not  kept.  The  routine  procedure  in 
such  cases  of  epidemic  meningitis  has  been  to  withdraw  a  volume  of  spinal  fluid 
equal  to  the  quantity  of  anti-meningitis  serum  injected.  The  first  lumbar  punc¬ 
ture  was  made  on  the  first  day  of  the  disease.  The  fluid  obtained  was  turbid  and 
showed  a  moderate  amount  of  sediment.  The  centrifugalized  specimen  was 
colorless  and  no  red  blood  cells  present.  Diplococcus  intracellularis  menin¬ 
gitidis  was  isolated  by  culture. 


Enzymatic  Activity. 


Control. 

After  s  days 
at  37°. 

Digestion. 

i.oc.c.  sp.  fl.  -f-  substrate  +  0.2  %  acetic  . 

I. I  C.C. 

I.S  C.C. 

0.4  C.C. 

i.o  c.c.  sp.  fl. -|- substrate  (neutral)  . 

1. 1  C.C. 

i.iS  c.c. 

None 

I.oc.c.  sp.  fl. -h  substrate  +  0.2  %  sod.  carb... 

I. I  C.C. 

1.4  c.c. 

0.3  c.c. 

Anti-enzymotic  Activity. 

Control. 

After  5  days 
at  37O. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  -h  substrate  . . .  1.6  c.c. 

20  mg.  leucoprotease  +  substrate 

1575  C.C. 

I4.ISC.C. 

-t- 1.0  c.c.  sp.  fl .  1.6  c.c. 

10.9  C.C. 

9-3  C.C. 

4.85  C.C. 
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The  fluid  shows  practically  no  digestion  and  very  marked  inhibi¬ 
tion  of  leucoprotease. 

The  second  specimen  of  fluid  was  withdrawn  on  the  second  day  of  the  disease. 
It  was  slightly  turbid,  blood-tinged  and  showed  a  reddish-yellow  sediment. 


Ensymotic  Activity. 


Control. 

After  s  days 
at  37°. 

Digestion. 

i.o  c.c.  sp.  fl.  -f-  substrate  . 

1.2  C.C. 

1.2  c.c. 

None 

Anti-enzymotic  Activity. 

Control. 

After  5  days 

Digestion, 

Inhibition. 

20  mg.  leucoprotease  -h  substrate  . . 
20  mg.  leucoprotease  -h  substrate 

.  1.65  c.c. 

15  5 

13.85  C.C. 

-h  1.0  c.c.  sp.  fl . 

.  1.75  C.C. 

14.4  c.c. 

12.65  C.C. 

1.2  C.C. 

The  inhibition  is  less  than  that  determined  by  the  previous  test. 

The  fluid  (third  specimen)  used  in  the  following  test  was  obtained  on  the  third 
day  of  the  disease,  and  twenty-four  hours  after  the  first  injection  of  30  c.c.  of 
anti-meningitis  serum.  It  was  pale  orange  in  color,  turbid,  and  contained  a  small 
blood-stained  coagulum.  More  red  blood  cells  were  present  in  this  than  in  the 
preceding  specimens.  Quantities  used  in  the  foregoing  test  gave  the  following 
results : 

Enzymatic  Activity. — Digestion ;  none. 

Anti-enzymotic  Activity. — Inhibition:  0.85  c.c. 

The  fluid  (fourth  specimen)  drawn  twenty-four  hours  after  the  second  con¬ 
secutive  injection  of  30  c.c.  of  anti-meningitis  serum  was  pale  yellow  in  color 
and  showed  less  sediment  than  the  last  specimen.  No  blood  was  present. 

Enzymatic  Activity. — Digestion;  0.95 c.c. 

Anti-enzymotic  Activity. — Inhibition;  0.35 c.c. 

This  specimen  has  caused  slight  digestion.  It  might  be  expected 
that  the  inhibitory  power  of  the  spinal  fluid  would  increase  after 
the  injection  of  such  large  quantities  of  an  actively  inhibiting 
serum ;  instead  there  is  a  rapid  diminution,  terminating  on  the  fourth 
day  of  the  disease  in  practically  complete  loss  of  the  initial  anti- 
enzymotic  action. 

A  second  series' of  tests  is  separated  from  the  preceding  series  by  an  interval 
of  six  weeks.  In  the  interim  the  patient  had  received  into  the  subdural  space 
345  c.c.  of  anti-meningitis  serum  at  varying  intervals.  Seven  days  before  the 
withdrawal  of  the  following  specimen  there  had  been  an  injection  of  30  c.c. 
of  serum.  The  fluid  used  for  the  following  test  was  colorless  and  only  slightly 
turbid,  and  contained  no  blood.  It  was  obtained  on  the  forty-first  day  of  the 
disease. 
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Enzymatic  Activity. — Digestion :  none. 

Anti-enzymotic  Activity. — Inhibition:  0.7 c.c. 

There  is  no  digestion  and  only  trivial  inhibition. 

The  second  specimen  of  the  series,  removed  on  the  forty^second  day  of  the 
disease,  and  twenty-four  hours  after  an  injection  of  30  c.c.  of  anti-meningitis 
serum,  was  orange-yellow  in  color  and  slightly  turbid.  No  blood  was  present. 

Enzymatic  Activity. — Digestion:  none. 

Anti-enzymotic  Activity. — Inhibition:  0.5 c.c. 

The  fluid  withdrawn  twenty-four  hours  later,  after  the  injection  of  40  c.c. 
of  anti-meningitis  serum,  showed  no  change  from  the  preceding  specimen. 

Enzymatic  Activity. — Digestion :  none. 

Anti-enzymotic  Activity. — Inhibition:  1.55  c.c. 

The  following  fluid  {third  specimen  of  second  series)  was  obtained  twenty- 
four  hours  after  the  third  consecutive  injection  of  anti-meningitis  serum  (30  c.c.). 
The  fluid  was  turbid  and  the  orange  color  due  to  the  pigment  of  the  anti¬ 
meningitis  serum  was  fading.  No  blood  was  present. 

Enzymatic  Activity. — Digestion :  none. 

Anti-enzymotic  Activity. — Inhibition:  0.6 c.c. 

The  fluid  used  in  the  following  test  {fourth  specimen  of  this  series)  was 
withdrawn  on  the  forty-fifth  day  of  the  disease,  and  forty-eight  hours  after  the 
fourth  injection  of  anti-meningitis  serum  of  this  series  (15  c.c.).  It  was  pale 
yellow  in  color  and  showed  more  sediment  than  the  preceding  specimens.  The 
patient  died  two  days  later. 

Enzymatic  Activity. — Digestion  :  none. 

Anti-enzymotic  Activity. — Inhibition:  0.95 c.c. 

At  no  time  represented  by  these  two  series  of  fluids  is  digestive 
power  manifested.  Inhibition  of  leucoprotease  is  greatest  on  the 
first  day  of  the  disease  and  disappears  rather  rapidly  in  the  early 
stages  of  the  disease.  The  small  amount  of  blood  mixed  with 
some  of  the  specimens  was  too  much  diluted  by  the  spinal  fluid  to 
exhibit  any  anti-enzymotic  activity.  This  is  apparent  from  the 
absence  of  anti-enzyme  in  the  third  fluid  of  the  first  series  of  tests 
in  the  foregoing  experiment.  There  is  slight  inhibition  on  the  day 
after  the  disease  has  assumed  a  somewhat  chronic  course.  The 
failure  of  anti-meningitis  serum  (horse’s  blood  serum)  to  increase 
the  inhibitory  action  of  the  spinal  fluid  demonstrates  that  the  major 
portion  of  this  serum  is  eliminated  from  the  spinal  fluid  within 
twenty-four  hours  after  injection. 

In  view  of  this  disappearance  of  the  anti-enzyme  of  horse  serum 
from  the  spinal  canal  an  experiment  was  performed  to  determine 
if  the  spinal  fluid  neutralized  the  anti-enzymotic  action  of  blood 
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serum.  Normal  spinal  fluid  was  mixed  with  varying  quantities 
of  fresh  beef  serum,  and  the  inhibitory  action  of  the  mixture 
tested  with  leucoprotease.  Control  digestions  were  made  contain¬ 
ing  beef  serum  alone  in  equal  amounts.  The  presence  of  spinal 
fluid  did  not  increase  the  activity  of  the  anti-enzyme  of  the  serum. 

The  lack  of  anti-enzyme  in  the  spinal  fluid  after  the  injection  of 
large  quantities  of  horse  serum  seems  then  to  be  due  to  a  rapid 
elimination  of  this  substance  from  the  spinal  fluid.  Concerning  the 
rate  of  absorption  of  foreign  substances  from  the  subdural  space, 
the  evidence  is  somewhat  contradictory. 

The  acute  infections  of  the  meninges,  which  have  been  studied, 
represent  the  common  suppurative  conditions  of  the  membranes  of 
the  brain  and  spinal  cord.  The  microorganism  causing  the  disease  in 
four  instances  was  Diplococcus  lanceolatus;  in  one  instance  Strep¬ 
tococcus  mucosus,  and  in  three,  Diplococcus  intracellularis  menin¬ 
gitis.  Of  these  eight  conditions  the  spinal  fluids  in  four  contained 
free  proteolytic  enzyme.  In  the  remaining  instances  free  enzyme, 
in  appreciable  quantities,  was  not  demonstrable,  and  some  of  the 
specimens  of  fluid  obtained  exhibited  anti-enzymotic  action.  In 
infections  with  Diplococcus  lanceolatus,  and  with  Streptococcus  mu¬ 
cosus,  there  has  seemed  to  be  a  tendency  for  free  enzyme  to  accu¬ 
mulate  in  the  spinal  fluid  inasmuch  as  four  of  the  fluids  examined 
in  these  conditions  have  exhibited  active  proteolysis.  This  is  prob¬ 
ably  not  characteristic  of  such  infections,  but  is  simply  an  index 
of  the  virulence  of  the  infecting  microorganism,  and  the  greater 
severity  of  the  inflammatory  reaction.  Emigration  and  disintegra¬ 
tion  of  polymorphonuclear  leucocytes  proceed  so  rapidly  that  the 
ordinary  measure  for  ridding  the  spinal  fluid  of  foreign  constituents 
is  insufflcient.  The  condition  now  resembles  that  in  an  abscess 
cavity  in  which  there  is  abundance  of  free  enzyme. 

The  results  obtained  in  the  series  of  fluids  from  the  three  cases 
of  epidemic  meningitis  have  considerable  interest.  At  no  time  was 
it  possible  to  demonstrate  any  enzymotic  activity,  though  sediment 
containing  polymorphonuclear  leucocytes  was  abundant  in  many  of 
the  specimens  of  fluid  studied.  In  the  fluids  withdrawn  during  the 
early  stages  of  the  disease  anti-enzyme  was  present.  This  anti- 
enzymotic  action,  however,  underwent  rapid  diminution  and  was 
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not  restored  by  the  injection  of  large  quantities  of  horse  serum, 
capable  of  active  inhibition  of  the  enzyme  employed  for  the  tests. 
At  the  same  time  the  amount  of  cells  decreases,  so  that  the  loss  of 
anti-enzymotic  action  can  hardly  be  attributed  to  the  neutralization 
of  anti-enzyme  by  an  increased  amount  of  free  enzyme.  With  the 
loss  of  anti-enzyme  one  would  expect  the  appearance  of  proteolysis, 
but  at  no  time  did  these  fluids  show  digestion.  It  is  probable  that 
both  substances  are  rapidly  eliminated  from  the  spinal  fluid  and  are 
demonstrable  only  in  acute  infections  when  enzyme  or  anti-enzyme 
accumulates  with  great  rapidity.  The^  study  of  inhibition  of  leuco- 
protease  after  injections  of  anti-meningitis  serum  (horse’s  blood 
serum)  showed  that  the  anti-enzyme  of  the  injected  serum  had  dis¬ 
appeared  within  twenty-four  hours  from  the  subdural  fluid,  even 
though  large  amounts  of  serum  had  been  injected. 

TUBERCULOUS  MENINGITIS. 

The  spinal  fluid  in  tuberculous  meningitis  contains  few  cells,  the 
majority  of  which  are  lymphocytes.  In  most  instances  serum 
albumin  is  present  and  the  total  protein  is  increased  in  amount. 
One  would  expect,  therefore,  the  fluid  to  manifest  no  proteolysis  and 
a  varying  degree  of  anti-proteolytic  action  upon  the  enzyme  of 
polymorphonuclear  leucocytes. 

Case  XIII. — The  spinal  fluid  used  in  the  following  test  was  from  a  child  two 
years  old.  The  duration  of  the  disease  was  not  determined.  The  patient  died 
five  days  after  admission  to  the  hospital.  The  spinal  fluid,  obtained  by  lumbar 
puncture,  was  clear  and  limpid  and  contained  a  small  coagulum.  No  blood  was 
present.  Bacteriological  examination  demonstrated  the  presence  of  tubercle 
bacilli  in  the  fluid. 


Enzymatic  Activity. 


0.5  c.c.  sp.  fl.  +  substrate . 

Control. 

1.0  C.C. 

After  5  days 
at  37°. 

I.O  C.C. 

Digestion. 

None 

i.o  c.c.  sp.  fl.  -f  substrate . 

1.0  C.C. 

1.3  C.C. 

0.3  c.c. 

Anti-enzymotic  Activity. 

Control.  After  s  days 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  -f  substrate  . . 

.  1.6  c.c. 

16.6  C.C. 

15.0  c.c. 

20^mg.  leucoprotease  +  substrate 

4-  0.5  C.C.  sp.  fl . 

.  1.6  c.c. 

17.3  C.C. 

15.7  c.c. 

None 

20  mg.  leucoprotease  -f  substrate 

+  1.0  c.c.  sp.  fl . 

.  1.6  c.c. 

14.7  C.C. 

13. 1  c.c. 

1.9  c.c. 

30  mg.  leucoprotease  +  substrate 

4-  2.5  c.c.  sp.  fl . 

.  1.6  c.c. 

15-35  c.c. 

13-75  c.c. 

1.25  c.c. 
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The  fluid  shows  no  digestion  and  slight  inhibition  of  leucoprotease. 

Case  XIV. — The  history  of  the  patient  in  this  case  could  not  be  secured ;  the 
clinical  diagnosis  was  tuberculous  meningitis.  The  spinal  fluid  appeared  clear 
and  colorless  and  showed  a  small  whitish  sediment  on  centrifugalization.  No 
blood  was  present. 

Enzymatic  Activity. 

Control.  Digestion. 

0.5  c.c.  sp.  fl.  +  substrate .  1.3  c.c.  1.4  c.c.  0.1  c.c. 

i.o  c.c.  sp.  fl.  +  substrate .  1.6  c.c.  1.4  c.c.  None 

Anti-enzymotic  Activity. 


20  mg.  leucoprotease  +  substrate  . . . 
20  mg.  leucoprotease  +  substrate 

Control. 

..  1.6  c.c. 

After  s  days 
at  37°. 

14.9  C.C. 

Digestion. 

13-3  C.C. 

Inhibitiol 

+  0.5  c.c.  sp.  fl . 

20  mg.  leucoprotease  +  substrate 

..  1.9  c.c. 

13.3  C.C. 

11.4  C.C. 

1.9  C.C. 

+  1.0  c.c.  sp.  fl . 

,  .  .  2.2  C.C. 

14.0  c.c. 

1 1.8  C.C. 

1.5  c.c. 

There  is  no  digestion  and  slight  inhibition  of  proteolysis. 

Case  XV. — Fluid  was  obtained  from  a  boy  five  years  old.  The  duration 
of  the  disease,  as  far  as  could  be  determined,  was  about  two  weeks.  There 
was  some  evidence  of  pulmonary  tuberculosis.  The  patient  died  a  few  days 
after  admission  to  the  hospital.  Although  the  bacteriological  examination 
was  negative,  the  symptoms,  namely,  headache,  vomiting  and  convulsions, 
pointed  to  tuberculous  meningitis.  Thirty  cubic  centimeters  of  clear  spinal 
fluid  were  secured  by  lumbar  puncture  on  the  seventh  day  of  the  disease.  It 
contained  a  small  coagulum ;  but  no  sediment,  or  blood. 


Enzymatic  Activity. 


Control . 

After  5  days 
at  37°. 

Digestion. 

1.0  c.c.  sp.  fl.  +  substrate  +  0.2  %  acetic  . 

1.3  C.C. 

1.6  c.c. 

0.3  C.C. 

1.0  c.c.  sp.  fl.  +  substrate  (neutral)  . 

1.3  C.C. 

1.2  c.c. 

None 

1.0  c.c.  sp.  fl.  +  substrate  +  0.2  %  sod.  carb. . . . 

1.3  C.C. 

1.3  c.c. 

None 

Anti-enzymatic  Activity. 

Control. 

After  5  days 
at  37°. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  +  substrate  ...  1.65  c.c. 

20  mg.  leucoprotease  +  substrate 

15.1  C.C. 

13-45  c.c. 

+  1.0  c.c.  sp.  fl .  1.85  c.c. 

14.2  C.C. 

12.3s  c.c. 

1. 1  C.C. 

There  is  no  digestion  and  slight  inhibition  of  leucoprotease. 

Case  XVI. — Spinal  fluid  was  obtained  from  a  baby  eighteen  months  old,  pre¬ 
senting  the  ordinary  symptoms  of  tuberculous  meningitis.  The  patient  died, 
as  nearly  as  could  be  estimated,  on  the  twentieth  day  of  the  disease.  The  spinal 
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fluid  obtained  on  the  tenth  day  of  the  disease  was  pale  yellow  in  color  and  con¬ 
tained  a  small  coagulum  showing  many  polymorphoniicleear  and  mononuclear 
cells.  No  blood  was  present.  The  amount  withdrawn  was  thirty  cubic  centi¬ 
meters.  Tubercle  bacilli  were  demonstrated  by  bacteriological  examination. 


Enzymatic  Activity. 


Control. 

After  5  days 
at  37°. 

Digestion. 

i.o  c.c.  sp.  fl.  +  substrate  +  0.2  % 

acetic . 

1.2  C.C. 

1.5  C.C 

0.3  C.C. 

0.5  c.c.  sp.  fl.  +  substrate  (neutral)  . 

1.15  C.C. 

1.2  C.C. 

None 

1.0  c.c.  sp.  fl.  +  substrate  (neutral)  . 

1.2  C.C. 

T.3  C.C. 

O.I  C.C. 

1.0  c.c.  sp.  fl.  +  substrate  +  0.2  % 

sod.  carb.. 

1.2  C.C. 

1.4  C.C. 

0.2  c.c. 

•*) 

Anti-enzymatic  Activity. 

Control. 

After  5  days 
at  37°. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  +  substrate 
20  mg.  leucoprotease  +  substrate 

.  .  .  1.65  C.C. 

15.1  C.C. 

1345  C.C. 

+  0.5  c.c.  sp.  fl . 

.  .  .  1.7  C.C. 

I3.I  C.C. 

11.4  C.C. 

2.05  C.C. 

20  mg.  leucoprotease  +  substrate 

+  I.o  c.c.  sp.  fl . 

.  . .  I.7S  C.C. 

I2.I  C.C. 

10.3s  c.c. 

3.1  C.C. 

20  mg.  leucoprotease  +  substrate 

+  2.5  c.c.  sp.  fl . 

.  ..  1.9  C.C. 

9.6  C.C. 

7.7  c.c. 

5-75  c.c. 

This  fluid  exhibits  practically  no  digestion,  but  shows  a  marked 
power  to  inhibit  the  action  of  leucoprotease. 

Case  XVII. — In  the  case  of  the  patient,  a  man  thirty  years  of  age,  from  whom 
this  fluid  was  withdrawn,  a  diagnosis  of  tuberculosis  of  the  lumbar  vertebrje, 
and  of  the  spinal  cord  had  been  made.  Twenty  cubic  centimeters  of  clear  fluid 
were  secured  by  lumbar  puncture.  A  few  polymorphonuclear  leucocytes  and  red 
blood  cells  were  present.  The  presence  of  tubercle  bacilli  was  not  demonstrated. 


Enzymatic  Activity. 


I.o  c.c.  sp.  fl.  -f-  substrate . 

Control. 

0.95  C.C. 

After  5  days 
at  37°. 

I.O  C.C. 

Digestion. 

None 

Anti-enzymatic  Activity. 

Control.  Aftersdays 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  +  substrate  . . 

.  I.3SC.C. 

12.9  C.C. 

II.SS  C.C. 

20  mg.  leucoprotease  +  substrate 

+  1.0  c.c.  sp.  fl . 

.  1. 5  c.c. 

9-3  c.c. 

7.8  C.C. 

3-75  c.c. 

The  fluid  shows  well-marked  inhibition  of  leucoprotease. 

Case  XVIII. — Fluid  was  secured  from  a  boy  two  years  old,  exhibiting  the 
ordinary  symptoms  of  tuberculous  meningitis.  The  spinal  fluid  on  about  the 
fourteenth  day  of  the  disease  was  colorless,  slightly  opalescent,  and  contained 
a  minute  brownish  sediment.  The  presence  of  tubercle  bacilli  was  demonstrated 
by  bacteriological  examination. 
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Encymotic  Activity. 


Control. 

After  5  days 
at  37°. 

Digestion. 

i.oc.c.  sp.  fl.  -f  substrate  +  0.2  %  acetic 

1.2  C.C. 

1.4  C.C. 

0.2  C.C. 

i.o  c.c.  sp.  fl.  -t-  substrate  (neutral) 

1.2  C.C. 

1. 1  C.C. 

None 

I.oc.c.  sp.  fl.  -|-  substrate  +  0.2  %  sod.  carb _ 

1.2  C.C. 

1.3  C.C. 

o.i  c.c. 

Anti-ensymotic  Activity. 

Control. 

After  s  days 
at  37°. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  -h  substrate  . 

20  mg.  leucoprotease  -|-  substrate 

1.2  C.C. 

19.8  C.C. 

18.6  C.C. 

-|- I.oc.c.  sp.  fl . 

1.3  C.C. 

19.8  C.C. 

18.5  C.C. 

O.I  C.C. 

The  spinal  fluid  in  this  test  shows  neither  digestion  nor  inhibition. 


Case  XIX. — The  patient  from  whom  this  fluid  was  obtained  was  a  baby  eight 
months  old.  The  duration  of  the  disease  was  about  one  month.  The  specimen 
of  fluid  used  in  this  test  was  obtained  on  the  twenty-first  day  of  the  disease.  The 
spinal  fluid,  70  c.c.  in  amount,  was  clear  and  of  a  pale  yellow  color.  It  contained 
neither  blood  nor  sediment.  Bacteriological  examination  showed  the  presence 
of  tubercle  bacilli. 


Encymotic  Activity. 


Control. 

After  5  days 
at  37O. 

Digestion. 

I.OC.C.  sp.  fl.  +  substrate . 

I.O  C.C. 

1.2  C.C. 

0.2  C.C. 

Anti-emymotic  Activity. 

Control. 

After  5  days 
at  37°. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  -f  substrate  . 

20  mg.  leucoprotease  -|-  substrate 

0.9  C.C. 

19.0  C.C. 

18.I  C.C. 

4-  0.5  c.c.  sp.  fl . 

I.OC.C. 

19.6  C.C. 

18.6  C.C. 

None 

20  mg.  leucoprotease  -h  substrate 

-f  I.oc.c.  sp.  fl . 

1. 1  C.C. 

19-5  c.c. 

18.4  C.C. 

None 

20  mg.  leucoprotease  -|-  substrate 

-)-  2.5  c.c.  sp.  fl . 

1.4  c.c. 

20.5  c.c. 

19.1  C.C. 

None 

The  fluid  shows  no  digestion  and 

no  inhibition. 

In  five  out  of  seven  specimens  of  fluids,  from  cases  of  tuberculous 
meningitis,  anti-enzyme  was  present  in  demonstrable  quantities.  In 
no  instance  was  it  possible  to  show  the  presence  of  active  enzyme. 
In  normal  spinal  fluid  the  lack  of  anti-enzyme  is  explained,  probably 
by  the  absence  of  serum  albumin,  with  which  is  associated  the  anti- 
enzyme  of  the  blood.  In  certain  pathological  conditions  of  the 
meninges  albumin  makes  its  appearance  in  the  spinal  fluid;  and  in 
cases  of  tuberculous  meningitis  the  protein  content  of  the  fluid  may 
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reach  one  per  cent.^^  In  tuberculous  meningitis  with  increased 
amount  of  protein,  there  is  a  limited  source  of  enzyme  because  of 
the  low  cellular  content  of  the  spinal  fluid.  In  view  of  these  facts 
it  is  not  unexpected  that  the  above  series  of  fluids  exhibited  no 
enzymotic  activity  and  a  varying  degree  of  anti-enzymotic  action. 

SEROUS  EFFUSION  WITHOUT  INFLAMMATION. 

The  following  three  specimens  of  spinal  fluid  were  obtained  from 
patients  exhibiting  symptoms  suggestive  of  increased  pressure 
within  the  subdural  space. 

Case  XX. — Fluid  was  obtained  from  a  man  suffering  with  carbon  monoxide 
poisoning.  At  lumbar  puncture  the  fluid  rose  in  the  manometer  tube  245  mm. 
Sixty  cubic  centimeters  of  clear,  colorless  fluid  were  withdrawn.  No  blood  or 
sediment  was  present.  The  bacteriological  examination  was  negative. 


Enzymotic  Activity. 


Control. 

After  5  days 
at  37°. 

Digestion. 

0.5  c.c.  sp.  fl.  +  substrate . 

1.9s  C.C. 

1.2  C.C. 

0.25  C.C. 

1.0  c.c.  sp.  fl.  -1-  substrate . 

I.O  C.C. 

1.45  C.C. 

0.45  C.C. 

2.5  c.c.  sp.  fl.  +  substrate . 

1.2  C.C. 

1.75  C.C. 

0.55  C.C. 

Anti-enzymotic  Activity. 

Control. 

After  5  days 
at  370. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  -h  substrate  . . 
20  mg.  leucoprotease  -f-  substrate 

1.5  C.C. 

16.9  C.C. 

154  C.C. 

+  0.5  c.c.  sp.  fl . 

.  1.5s  C.C. 

15.8  C.C. 

14.25  C.C. 

I.15  C.C. 

20  mg.  leucoprotease  -|-  substrate 

-|- 1.0  c.c.  sp.  fl . 

.  1.6  c.c. 

1 6. 1  c.c. 

14-5  c.c. 

0.9  C.C. 

-O  mg.  leucoprotease  -f  substrate 

-h  2.5  c.c.  sp.  fl . 

.  1.8  c.c. 

16.85  c.c. 

15.05  c.c. 

0.35  C.C. 

There  is  slight  inhibition  of  leucoprotease  in  the  tests  with  0.5  and 
i.o  c.c.  of  spinal  fluid.  A  larger  quantity  has  produced  no  appre¬ 
ciable  inhibition. 

Case  XXL — The  clinical  diagnosis  in  this  case  was  alcoholic  delirium  and 
cerebral  edema.  Lobar  pneumonia  subsequently  developed  and  the  patient  died. 
No  autopsy  was  obtained.  At  lumbar  puncture  25  c.c.  of  clear,  pale  yellow  fluid 
was  withdrawn.  The  intradural  pressure  apparently  was  not  increased.  A 
minute  amount  of  sediment  was  apparent  after  centrifugalization.  No  blood 
was  present.  Bacteriological  examination  was  negative. 
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Enzymatic  Activity. 


0.5  c.c.  sp.  fl.  -f  substrate . 

Control. 

0.9  C.C. 

After  s  days 
at  37O. 

1.2  C.C. 

Digestion. 

0.3  C.C. 

i.o  c.c.  sp.  fl.  -f-  substrate . 

0.95  C.C. 

1.4  C.C. 

0.45  C.C. 

2.5  c.c.  sp.  fl.  substrate . 

I.O  C.C. 

1.4  C.C. 

0.4  C.C. 

Anti-enzymatic  Activity. 

Control. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease  -f  substrate  . . 

.  1.5  c.c. 

16.9  C.C. 

15.4  C.C. 

20  mg.  leucoprotease  -h  substrate 

-1-  o.s  c.c.  sp.  fl . 

.  1.6  c.c. 

15.65  C.C. 

14.05  C.C. 

1.35  C.C. 

20  mg.  leucoprotease  -|-  substrate 

-f-i.oc.c.  sp.  fl . 

.  1.7  c.c. 

14.05  C.C. 

12.35  C.C. 

3  05  C.C. 

20  mg.  leucoprotease  -t-  substrate 

-f  2.5  c.c.  sp.  fl . 

.  2.0  c.c. 

1 1.8  C.C. 

9.8  C.C. 

5.6  C.C. 

The  marked  inhibition  that  has  been  found  suggests  the  presence 
of  a  considerable  amount  of  serum  albumin,  and  is  evidence  that 
anti-enzyme  and  perhaps  other  elements  of  the  blood  serum  have 
accumulated  in  the  spinal  fluid. 

Case  XXII. — Fluid  was  obtained  from  a  patient  with  chronic  nephritis  during 
an  acute  uremic  attack.  Seventy  cubic  centimeters  of  spinal  fluid  were  withdrawn 
and  the  manometer  tube  indicated  a  pressure  of  155  mm.  The  fluid  was  clear 
and  pale  orange  in  color.  No  sediment  or  red  blood  cells  were  present.  The 
bacteriological  examination  was  negative. 


Enzymatic  Activity. 


Control. 

Digestion. 

I.O  C.C.  sp.  fl.  -|-  substrate  -H  0.2  %  acetic  . 

2.5  C.C. 

2.9  c.c. 

0.4  C.C. 

1.0  c.c.  sp.  fl. -f- substrate  (neutral)  . 

2.5  C.C. 

2.4  c.c. 

None 

1.0  c.c.  sp.  fl.  -h  substrate  -f-  0.2  %  sod.  carb _ 

2.5  c.c. 

2.5  c.c. 

None 

Anti-enzymatic  Activity. 

Control. 

After  5  days 
at  37°. 

Digestion. 

Inhibition. 

20  mg.  leucoprotease -f  substrate  ..  1.6  c.c. 

20  mg.  leucoprotease  -\-  substrate 

IS7S  c.c. 

1415  C.C. 

-|-  1.0  c.c.  sp.  fl . . .  3.05  c.c. 

13.2  c.c. 

10.15  C.C. 

4.0  C.C. 

Inhibition  of  leucoprotease  is  well-marked.  The 

high  figures  for 

nitrogen  in  the  controls  containing  spinal  fluid,  is  perhaps  explained 
by  an  increase  of  urea  in  this  fluid. 

Tests  of  the  three  fluids  here  presented  represent  conditions  asso¬ 
ciated  with  symptoms  of  increased  pressure  within  the  subdural 
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space,  presumably  due  to  transudation  from  the  blood  vessels.  In 
two  instances  large  amounts  of  fluid  were  secured  at  lumbar  punc¬ 
ture  and  the  pressure  recorded  by  the  manometer  tube  was  high. 
That  elements  of  the  blood  serum  under  such  conditions  pass  into 
the  spinal  fluid,  and  are  not  efficiently  eliminated,  is  manifest  from 
the  power  to  inhibit  leucoprotease  exhibited  by  these  fluids. 

CONCLUSIONS. 

The  experiments  which  have  been  presented  show  that  the  spinal 
fluid  occupies  a  unique  position  among  the  fluids  which  accumulate 
in  serous  cavities  of  the  body.  It  contains  normally  neither  pro¬ 
teolytic  enzyme  nor  anti-enzyme,  whereas  blood  serum,  from  which 
it  is  derived,  exhibits  both  enzymotic  and  anti-enzymotic  activity. 

In  the  blood  anti-enzyme  greatly  predominates  over  enzyme,  so 
that  proteolysis  does  not  occur,  unless  the  anti-enzymotic  power  of 
the  serum  has  been  destroyed  by  the  addition  of  acid.  In  patholog¬ 
ical  conditions  both  enzyme  and  anti-enzyme  may  make  their  appear¬ 
ance  in  the  spinal  fluid.  With  inflammations  of  other  serous  cavi¬ 
ties  of  the  body  the  anti-enzyme  of  the  exuded  serum  as  a  rule  pre¬ 
ponderates  over  and  restrains  the  activity  of  the  proteolytic  enzyme 
freed  from  leucocytes.  On  the  other  hand,  in  infection  of  the 
meninges  with  Diplococcus  lanceolatus  and  with  Streptococcus 
mucosus  free  proteolytic  enzyme  has  been  present  in  considerable 
amount  in  four  of  five  fluids  which  have  been  tested.  Free  proteo¬ 
lytic  enzyme  has  not  been  observed  in  the  spinal  fluid  in  cases  of 
epidemic  meningitis. 

The  cases  which  have  been  studied  demonstrate  that  in  epidemic 
meningitis  some  anti-enzymotic  action  may  be  present  in  the  early 
stages  of  the  disease;  but  it  tends  to  disappear  rapidly  so  that  anti¬ 
enzyme  seems  to  be  constantly  at  a  low  ebb.  It  is  possible  that  the 
absence  of  anti-enzyme  in  normal  spinal  fluid,  and  the  tendency  for 
it  to  disappear  so  much  more  rapidly  than  in  other  inflammatory 
exudates,  may  explain  in  part  the  severity  of  acute  meningeal 
infections. 

Non-inflammatory  transudates  into  the  subdural  spaces  differ 
from  inflammatory  exudates  in  that  the  inhibitory  element  of  the 
blood  serum  accumulates,  and  this  accumulation  suggests  an  inter- 
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terence  with  the  elimination  of  the  antibody  from  the  spinal  fluid. 
Such  interference  is  not  evident  in  so-called  serous  meningitis. 

In  content  of  anti-enzyme  the  spinal  fluid  of  chronic  conditions, 
such  as  tuberculous  meningitis,  apparently  occupies  an  intermediate 
position  between  acute  inflammation  and  serous  effusion,  and  five  of 
seven  tuberculous  fluids  which  were  tested  exhibited  various  degrees 
of  anti-enzymotic  action. 

Variations  in  content  of  enzyme  and  anti-enzyme,  noted  above, 
may  depend  upon  the  rapidity  with  which  the  fluid,  carrying  the 
elements  mentioned,  enters  the  spinal  cavity,  as  well  as  upon  the  rate 
of  their  elimination  from  the  spinal  fluid.  Subdural  injection  of 
large  quantities  of  anti-meningitis  serum  (horse’s  blood  serum)  does 
not  increase  the  anti-enzymotic  activity  of  fluids  withdrawn  twenty- 
four  hours  after  its  injection;  disappearance  of  anti-enzyme  being 
caused  by  rapid  elimination  of  serum  from  the  spinal  fluid. 

I  wish  to  express  my  indebtedness  to  Dr.  Opie  for  the  suggestion 
and  supervision  of  this  work.  Specimens  of  spinal  fluid  were  ob¬ 
tained  from  the  Presbyterian  Hospital  of  New  York,  through  the 
kindness  of  Dr.  J.  C.  Meakins,  and  from  the  Babies  Hospital, 
through  the  kindness  of  Dr.  Martha  Wollstein. 


EXPERIMENTAL  STUDIES  ON  PNEUMOCOCCUS 
INFECTIONS.! 


By  S.  STROUSE,  M.D. 

{From  the  Biological  Division,  Medical  Clinical  Laboratory,  Johns  Hopkins 
Hospital,  Baltithore.) 

The  inefficiency  of  specific  sera  in  the  treatment  of  pneumonia 
must  be  attributed  in  part  at  least  to  the  lack  of  exact  knowledge 
of  the  nature  of  the  infection  and  the  processes  whereby  the  human 
organism  protects  itself.  To  ascertain  detailed  facts  regarding 
pneumococcus  infection  one  must  resort  to  laboratory  animals,  none 
of  which  so  far  as  is  known  reacts  to  such  infections  in  identically 
the  same  manner  as  does  man. 

At  the  suggestion  of  Dr.  Rufus  Cole,  to  whom  I  am  greatly  in¬ 
debted  for  much  assistance  and  encouragement,  I  undertook  the 
study  of  the  immunity  of  the  pigeon,  but  very  early  in  the  work  it 
was  found  that  to  understand  the  reaction  of  the  immune  animal 
correctly  it  would  be  necessary  to  have  exact  knowledge  of  the  re¬ 
action  of  the  susceptible  animal  under  identical  conditions.  A  con¬ 
siderable  part  of  this  work  was  directed  to  the  study  of  leucocytosis 
and  phagocytosis,  especially  in  their  relations  to  virulence  of 
pneumococci. 

One  interesting  theory  of  the  nature  of  the  crisis  is  based  on  phag¬ 
ocytosis  in  the  lung  (Tchistovitch)  (i).  Although  Mennes  (2)  in 
1897  found  that  active  immunity  in  rabbits  to  pneumococcus  infec¬ 
tion  was  due  to  a  modification  of  the  serum  which  allowed  of  phago¬ 
cytosis,  rather  than  to  a  specific  change  in  the  property  of  the  leuco¬ 
cytes,  Heim  (3)  in  1908  observed  that  the  bone-marrow  of  im¬ 
munized  rabbits  had  two  and  a  half  times  as  much  protective  power 
as  did  serum.  Rosenow  (4)  in  1906  claimed  to  have  shown  an 
increased  resistance  to  heat  and  an  increased  phagocytic  power  of 
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pneumonic  leucocytes  for  pneumococci,  and  in  the  recent  contribu¬ 
tions  of  Hiss  (5)  to  the  study  of  leucocyte  extracts  mention  is  made 
of  an  observation  by  North  that  the  leucocytes  of  a  pneumonia 
patient  were  more  actively  phagocytic  than  those  of  a  normal  man. 
The  older  investigations  of  Tchistovitch  (i)  on  pneumonia  had 
led  him  to  believe  that  susceptibility  and  immunity  to  pneumococcus 
infections  were  to  be  measured  by  the  degree  of  phagocytosis  of 
which  the  leucocytes  of  the  animal  under  study  were  capable. 

In  this  work  we  used  pneumococci  obtained  from  the  blood  of 
patients  suffering  from  pneumonia,  and  as  numerous  cultures  were 
made  we  had  the  opportunity  of  studying  numerous  strains  of 
freshly  isolated  bacteria  as  well  as  older  cultures.  Unless  especially 
stated  in  the  protocols,  twenty-four  cultures  on  human  blood  agar 
slants  were  used.  The  animal  injections  were  always  given  intra- 
peritoneally.  All  experiments  were  carefully  controlled,  and  re¬ 
peated  until  there  could  be  no  doubt  as  to  the  results.  It  would, 
however,  be  a  waste  of  space  to  attempt  to  give  tables  of  all  the 
experiments,  and  I  have,  therefore,  reproduced  below  only  typical 
charts,  or,  where  such  seemed  better  to  serve  the  purpose,  composites. 

EXPERIMENTS  IN  PHAGOCYTOSIS. 

The  technique  employed  in  studying  phagocytosis  in  vitro  was 
the  usual  Wright  capillary  pipette  method,  with  incubation  at 
37°  C.  for  fifteen  minutes.  Rather  thick  suspensions  of  bacteria 
in  salt  solution  of  as  uniform  a  consistency  as  possible  were 
used.  The  usual  counting  method  of  estimating  opsonic  index  was 
not  employed,  as  we  believe  that  the  errors  inherent  to  such  a  method 
are  as  great  as,  or  greater  than,  those  included  in  broad  standards 
of  phagocytosis  like  “slight,”  “active,”  “marked.” 

It  is  a  matter  of  considerable  service  to  have  a  handy  index  of 
virulence.  Several  workers,  especially  Rosenow  (4)  and  Gra¬ 
ham  (6)  claim  that  phagocytability  as  tested  by  normal  serum  plus 
corpuscles  with  the  Wright  technique  is  an  excellent  index  of  viru¬ 
lence.  We  made  numerous  tests  to  prove  this  point.  The  method 
used  was  to  study  strains  of  pneumococci  by  parallel  opsonic  tests 
and  peritoneal  injections  into  white  mice,  following  the  course  of 
the  latter  injection  by  withdrawing  the  fluid  at  various  times. 
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TABLE  1. 


Culture. 

Phagocytosis 
in  vitro. 

Phagocytosis 
in  mouse. 

Result  in  mouse. 

P2 

0 

0 

Death 

Ps 

+ 

+ 

Lived 

2D 

+ 

+ 

Lived 

2K 

0 

0 

Death 

P4 

0 

0 

Death 

P.0 

Death 

P,2 

0 

0 

Death 

P. 

^4; 

Varied 

Our  experiments,  which  are  grouped  in  Table  I,  showed  that  there 
is  a  direct  parallelism  between  phagocytosis  in  vitro  and  in  vivo. 
An  organism  which  is  not  taken  up  by  normal  human  cells  in  a 
capillary  pipette  will  not  be  susceptible  to  phagocytosis  in  the  body 
of  a  mouse.  Further,  although  there  are  other  complicated  factors 
bearing  on  virulence,  these  results  show  that  “  insusceptibility  to 
phagocytosis”  and  “virulence”  are  closely  related,  and  broadly 
speaking,  a  phagocytable  organism  may  be  called  “avirulent”  and 
a  non-phagocytable  one  “  virulent.” 

A  study  of  virulence  of  pneumococci  would  not  be  complete  with¬ 
out  mention  of  the  work  of  Rosenow  (7)  on  “Virulin.”  By  sus¬ 
pending  pneumococci  in  physiological  salt  solution  for  forty-eight 
hours,  he  was  able  to  extract  from  the  cocci  a  substance  which  when 
added  to  blood  serum  has  the  faculty  of  combining  with  or  neutral¬ 
izing  the  pneumococcus  opsonins.  This  so-called  “virulin”  like¬ 
wise  has  the  power  of  combining  with  a  phagocytable  coccus  and 
rendering  it  non-phagocytable,  while  the  original  organism  after 
treatment  when  suspended  in  normal  serum  is  taken  up  by  leuco¬ 
cytes.  This  salt  autolysate  of  pneumococci  was  one  year  later  de¬ 
scribed  by  Tchistovitch  and  Yourevitch  (8)  as  “  antiphagin.”  We 
tested  the  effect  of  virulin  extracted  according  to  Rosenow’s  direc¬ 
tion  from  four  different  virulent  strains  of  pneumococci  on  five 
other  strains  of  avirulent  organisms  and  were  unable  to  perceive  any 
change  in  the  phagocytability  of  these  cultures  after  suspension. 
As  Dr.  J.  A.  Leutscher  working  in  this  laboratory  undertook  to 
study  this  interesting  question  more  extensively  and  will  soon  report 
his  results,  further  details  of  my  experiments  need  not  be  mentioned. 
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THE  INFECTION  IN  THE  WHITE  MOUSE. 

The  technique  employed  in  all  animal  experiments  was  identical. 
At  stated  times  after  intraperitoneal  injections,  fluid  is  removed  by 
pipettes  through  the  abdominal  wall  as  in  the  study  of  the  Pfeififer 
phenomenon.  Smears  made  at  once  were  stained  with  carbol- 
thionin. 

The  first  preliminary  experiments  seemed  to  indicate  that  aviru- 
lent  bacteria  caused  a  marked  outpouring  of  leucocytes,  whereas  the 
injection  of  virulent  ones  was  followed  by  only  a  few  leucocytes. 
But  numerous  further  observations  showed  that  the  leucocytic  re¬ 
action  following  pneumococcus  injections  is  practically  the  same 
whether  the  organism  is  virulent  or  avirulent.  The  initial  pres¬ 
ence  of  small  mononuclears  and  the  appearance  later  of  polymorpho- 
nuclears  and  macrophages  is  characteristic  of  almost  any  intra¬ 
peritoneal  injection,  as  is  seen  in  Table  II,  composed  of  the  results 
of  several  experiments. 


TABLE  II. 


Dose. 

Pe 

4  oese. 

i 

1 

aD 

I  tube. 

X  oese. 

Peptone 

2  c.c. 

Hours. 

I  i  3 

s ' 

24': 

1 

48 

1 

3 

5 

24 

48 

I  1 

3 

1 

5, 

24 

I 

3 

5 

24 

56 

I 

3 

5  24 

Leucocytes  (poly- 
morphonuclears) 

1+ 

+ 

+! 

+; 

++ 

+ 

-t-' 

i 

++ 

-f 

+ 

+ 

;+ 

-b+ 

-b 

+ 

+  + 

++ 

+ 

-b 

++ 

4- 

+ 

Phagocytosis. 

-f' 

1  1 

'  ^ 

1 

0  ^ 

0 

1  1 

0  * 

1 

1° 

1 

•5 

+ 

+ 

-r 

+ 

+ 

+  1 

! 

1 

.  1 

'TS 

0 

1 

0 

0 

0 

■£ 
rt  i 

Number  of  free 
pneumococci. 

++ 

+ 

+ 

+ 

1 

1+ 

! 

+ 

-b-f 

+-b+ 

(5 

-t-++  + 

+ 

-f 

-b 

+ 

0 

-b 

-b 

-b 

+' 

+ 

• 

Q 

Table  II  also  shows  that  the  organism  which  is  not  phagocyted 
kills  the  mouse,  whereas  the  phagocytable  strain  is  harmless.  How¬ 
ever,  it  is  not  uncommon  to  find  that  one  of  two  non-phagocytable 
organisms  will  kill,  while  the  other  in  the  same  dose  does  no  ap¬ 
parent  damage,  and  it  is  impossible  to  forecast  what  the  minimal 
lethal  dose  of  either  will  be.  Moreover,  if  the  ability  to  withstand 
phagocytosis  were  the  only  element  in  virulence,  it  would  be 
extremely  difficult  to  understand  the  fact  which  Marchand  (9) 
found  for  streptococci  and  which  I  have  abundantly  verified  for 
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numerous  strains  of  pneumococci,  namely,  that  even  after  heating 
to  6o°  C.  for  one  hour  and  washing,  an  organism  which  is  not 
phagocytable  before  the  procedure  will  not  be  phagocytable  after 
treatment,  nor  can  any  difference  be  seen  in  the  cellular  outpouring 
following  injection  of  either  dead  or  living  cultures.  The  injection 
of  living  organisms  produces  death  of  the  animal,  and  the  injection 
of  the  dead  culture  does  no  harm.  This  difference  is  undoubtedly 
due  to  the  ability  of  the  living  organisms  to  grow.  Many  observa¬ 
tions  on  injections  of  small  doses  of  non-phagocytable  pneumococci 
which  do  not  kill  the  animal  show  that  their  harmlessness  is  asso¬ 
ciated  with  inability  to  grow  in  the  mouse’s  peritoneal  cavity. 
Changing  the  point  of  view  to  the  last,  this  is  equivalent  to  saying 
that  the  peritoneal  cavity  of  even  the  most  susceptible  animal 
possesses  the  property  of  destroying  certain  numbers  of  pneumo¬ 
cocci;  and  the  result  of  a  pneumococcus  inoculation  will  depend  on 
the  bactericidal  as  well  as  on  the  phagocytic  powers  of  the  animal. 

To  study  further  the  effect  of  leucocytes  on  pneumococci,  sterile 
peritonitis  was  produced  by  peptone  injections,  and  pneumococcus 
inoculations  made  approximately  three  hours  later.  The  peritoneal 
reaction  did  not  differ  from  that  seen  after  simple  pneumococcus 
infection  nor  were  mice  protected  by  this  procedure. 

THE  "immunity”  OF  THE  PIGEON. 

The  pigeon  offers  itself  as  the  best  subject  for  the  study  of 
“  natural  immunity,”  as  it  is  absolutely  insusceptible  to  infection  by 
the  pneumococcus.  The  first  line  of  work  undertaken  was  a  com¬ 
parative  investigation  of  pigeon  serum  and  leucocytes  from  the 
standpoint  of  phagocytosis.  Leucocytes  were  obtained  either  by 
aspiration  from  a  vein  or  from  the  peritoneal  cavity  after  injection 
of  peptone,  and  their  phagocytic  power  tested  by  the  Wright  method. 
The  results  of  these  experiments  are  recorded  in  Table  III. 

This  chart  shows  that  in  zntro  pigeon  corpuscles  and  serum 
behave  toward  the  pneumococcus  in  no  way  differently  from  those 
of  normal  man.  Certain  unrecorded  experiments  of  Dr.  Cole 
(personal  communication)  gave  the  same  results.  One  cannot, 
however,  conclude  from  these  tests  what  results  in  vivo  might  be, 
and  we,  therefore,  considered  it  a  fruitful  investigation  to  study  the 
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TABLE  III. 


Leucocytes.  ! 

Serum. 

Culture.  1 

Phagocytosis.  Remarks. 

Human.  | 

Human. 

P* 

Slight. 

Pigeon.  i 

Pigeon. 

Ps 

Human.  i 

Human. 

2K 

o 

Pigeon.  i 

Pigeon. 

2K 

o 

Pigeon  peritoneal.  j 

Pigeon  periton. 

2K 

o 

“  blood. 

2K 

o 

‘  ‘  blood.  j 

“  “ 

2K 

o 

“  periton.  1 

2K  ! 

o 

“  peritoneal.  1 

<<  (( 

2K  1 

o  40  minutes 

<(  i( 

2K  1 

0  1  hour. 

Human.  1 

Human. 

3A  I 

+  + 

Pigeon. 

Pigeon. 

3A  i 

H — k 

“  (defibrinated) 

“ 

3A 

++ 

Human. 

j  Human. 

R 

0 

“ 

1  “ 

F 

0 

C 

0 

(( 

!  “ 

D 

++ 

Pigeon. 

R 

0 

(  ( 

F 

0 

(< 

C 

0 

it 

D 

++ 

Human. 

Pigeon. 

R 

0 

F 

0 

(< 

C 

0 

it 

D 

++ 

Pigeon. 

R 

0 

a 

F 

0 

“ 

a 

C 

0 

“ 

1  “ 

D 

+ 

reaction  in  the  peritoneal  cavity  in  the  same  \vay  as  was  done  with 
the  white  mouse. 

The  observations  in  detail,  with  varying  doses  of  numerous 
strains,  showed  that  the  peritoneal  reaction  scarcely  differed  from 
that  of  the  mouse,  except  that  the  polymorphonuclear  leucocytes 
possessed  large  eosinophilic  granules.  Phagocytosis  was  no  more 
marked  than  in  the  mouse,  but  in  every  case,  generally  within  three 
to  five  hours,  there  was  complete  disappearance  of  the  organisms, 
no  matter  how  virulent  they  may  have  been  for  the  mouse.  In  no 
case  could  we  kill  a  pigeon,  however  large  the  dose. 

To  study  the  possible  causes  of  this  disappearance,  fourteen 
pigeons  were  inoculated  with  a  slightly  phagocytable  organism  and 
were  killed  at  intervals  of  one-half  hour.  Smears  from  the  heart, 
liver  and  peritoneum,  and  cultures  from  the  heart  were  made  in 
every  case.  No  pneumococci  were  demonstrated  in  smears  from 
the  heart  or  liver.  Cultures  from  the  heart  gave  pneumococci  in 
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two  instances,  twenty  minutes  and  two  and  a  half  hours  after 
injection. 

The  peritoneal  reaction  may  be  summarized  in  the  following 
statements : 

1.  A  gradual  outpouring  of  cells  as  in  the  mouse,  with  develop¬ 
ment  of  general  peritonitis  in  about  three  hours.  Phagocytosis  is 
slight,  the  englobed  cocci  showing  no  capsules,  nor  are  capsules  seen 
in  those  cocci  within  an  annular  zone  around  each  leucocyte. 

2.  Despite  lack  of  very  active  phagocytosis,  the  pneumococci 
gradually  disappear  completely.  There  is  no  agglutination,  and  no 
bacterial  degenerations  suggesting  lysis. 

The  organism  used  in  this  experiment  took  a  capsule  stain  very 
easily  and  the  lack  of  capsules  in  those  bacteria  immediately  around 
polymorphonuclear  leucocytes  as  well  as  in  those  already  ingested 
was  striking.  This  fact  seems  to  indicate  that  virulence  or  at  least 
phagocytosis  can  have  no  direct  dependence  on  capsule  formation, 
for  in  other  experiments  organisms  which  take  capsule  stain  only 
with  difficulty  are  not  phagocyted  at  all.  On  the  whole  phago¬ 
cytosis  was  so  slight  that  one  was  forced  to  doubt  if  the  function  of 
the  pigeon  polymorphonuclear  leucocyte  is  truly  phagocyting,  and 
several  experiments  were,  therefore,  undertaken  to  test  this.  Com¬ 
parative  observations  were  made  with  virulent  pneumococci,  phago- 
cytable  pneumococci  and  staphylococci  as  shown  in  Table  IV. 


TABLE  IV. 


Culture. 

Virulent 

pneumococcus. 

Avirulent 

pneumococcus. 

Staphylococcus. 

Hours . 

1 

'  ^  1 

2 

3 

4  ! 

I 

2 

3 

4 

I 

2 

3 

4 

-f 
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+ 

O- 

-i- 

Phagocytosis . 

O 

'  o 

o 

O 

o 

+  ' 

+ 

-1- 

+ 

-h 

+ 

-t- 

Number  of  free  pneumococci . 

4 

|-H 

j  ± 

o 

! + 

+ 

o 

+ 

■f 

4- 

± 

-1- 

1 

i + 

+ 

Table  IV  shows  that  pigeon  leucocytes  are  well  able  to  phagocyte 
staphylococci  and  that  they  may  take  up  pneumococci  with  about  the 
same  or  perhaps  less  avidity  than  do  the  leucocytes  of  a  mouse. 
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Although  Tchistovitch  (lo)  claims  to  have  found  that  certain  of 
the  pigeon  polymorphonuclears  act  as  phagocytes,  while  others  do 
not,  we  were  unable  to  demonstrate  any  differences  beyond  those 
seen  in  all  observations  on  phagocytosis.  Some  of  the  poly¬ 
morphonuclear  leucocytes  in  the  mouse  peritoneum  were  loaded 
with  cocci,  whereas  others  were  free ;  and  such  appearances  are  not 
uncommon  in  opsonic  smears  or  in  gonorrhoeal  pus  in  man. 

Although  our  observations  indicate  that  phagocytosis  plays  an 
insignificant  role  in  the  destruction  of  the  pneumococci  in  the 
pigeon,  it  must  nevertheless  be  borne  in  mind  that  possibly  phago¬ 
cytosis  may  occur  associated  with  such  rapid  digestion  of  the  in¬ 
gested  bacteria  as  to  render  them  unable  to  take  up  stains.  The 
fact  that  “  avirulent  ”  organisms  are  well  stained  inside  leucocytes 
weighs  against  this  supposition,  but  is  not  definite  proof.  The 
very  increased  virulence  of  the  pneumococci  may  render  them 
capable  of  being  rapidly  digested  by  leucocytes,  just  as  it  seems  to 
make  them  susceptible  to  rapid  lysis  by  bile,  as  has  been  recently 
shown  by  Neufeld  (ii)  and  Grixoni  (12).  Furthermore  Neu- 
feld  (13)  finds  that  agglutination  occurs  more  rapidly  with  virulent 
than’with  avirulent  strains  of  pneumococci. 

This  theoretical  possibility  admits  of  practical  tests  by  experi¬ 
ments  on  the  effect  on  pneumococci  in  vitro  of  pigeon  peritoneal 
exudate  rich  in  leucocytes.  Injections  of  a  saturated  solution  of 
peptone  in  water  or  bouillon  will  produce  an  exudate  indistinguish¬ 
able  from  that  caused  by  pneumococci.  The  cultures  used  were 
twenty-four  hour  blood  agar  slants  of  both  avirulent  and  virulent 
organisms,  finely  emulsified  in  bouillon  and  allowed  to  stand  for  an 
hour  until  the  coarser  clumps  settled.  One  part  of  culture  was 
used  to  two  parts  of  the  exudate  to  be  tested,  carefully  measured. 
Controls  were  made  by  mixing  bouillon  and  culture  in  the  same 
proportions.  The  exudate  alone  was  also  plated.  After  remaining 
in  the  thermostat  at  37°  C.  for  varying  times,  as  shown  in  Table  V, 
agar  plates  were  made  by  mixing  one  standard  loop  with  10  c.c.  of 
agar.  Colonies  from  the  plates  were  examined  and  identified  as 
pneumococci.  Bearing  in  mind  the  rapid  and  complete  destruc¬ 
tion  of  the  pneumococcus  in  the  pigeon’s  peritoneal  cavity  and  the 
natural  unstable  viability  of  the  pneumococcus,  it  was  determined 
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to  adopt  as  a  standard  only  changes  in  the  colony  count  marked 
enough  to  be  seen  with  the  naked  eye.  The  figures  in  the  charts 
represent  the  number  of  colonies  counted  in  ten  fields  chosen  at 
random  under  the  low  power  (3  X  2/3)  and  correspond  well  with 
the  naked  eye  appearance.  The  results  of  all  experiments  agreed 
with  those  expressed  in  the  table  in  showing  that  fresh  pigeon  peri¬ 
toneal  exude  has  no  bactericidal  effect  on  pneumococci  in  vitro  at 
37  degrees  C. 

TABLE  V. 


C.c. 

Colonies  in  ten  microscopic  fields. 

i 

One*haIf  hour. 

Two  hours. 

Twenty  hours. 

do  do 

7 

7 

GO 

IS 

1  6 

0 

0 

0 

0 

O.S 

0.25 

Pneumococcus  8 . 

14 

15 

3 

Bouillon . . . 

Pneumococcus  n . 

0.5 

0.25 

i 

18 

0 

The  use  of  bouillon  might  be  objected  to  on  the  ground  that  it 
is  a  poor  culture  medium  for  the  organism  we  are  testing.  We, 
therefore,  made  a  series  of  observations  with  eighteen  hour  litmus 
milk  cultures,  milk  being  an  unusually  good  soil  for  growth  of 
pneumococci.  The  results  in  this  series  were  also  constant  and  may 
be  seen  in  Table  VI. 


TABLE  VI. 

Milk  Cultures  of  Pneumococcus. 


P 

One-half  hour. 

Two  hours. 

Twenty  hours. 

Pigeon  peritoneal  exudate . 

0.4 

+  + 

GO 

0 

Pneumococcus  8 . 

0.2 

Very  acid. 

Pigeon  peritoneal  exudate . 

0.4 

+ 

0 

0 

Pneumococcus  10 . 

0.2 

Very  acid. 

Pigeon  peritoneal  exudate . 

0 

0 

0 

Alkaline. 

Bouillon . 

0.4 

+  +  “i" 

GO 

0 

Pneumococcus  8 . 

0.2 

Acid. 

Bouillon . 

0.4 

0 

0 

0 

Pneumococcus  10 . 

0.2 

Acid. 
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Although  this  chart  seems  to  show  a  marked  lack  of  growth  of 
the  pneumococci  in  both  the  tests  and  the  controls,  further  con¬ 
sideration  disproves  this  appearance.  At  the  end  of  twenty  hours 
all  the  tubes  were  acid,  those  containing  the  bacteria  plus  exudate 
being  considerably  more  so  than  the  controls.  On  smears  large 
numbers  of  well  stained  diplococci  were  seen.  We  had  often 
found  that  pneumococci  which  grow  well  in  milk  might  not  grow 
when  transferred  to  the  other  media,  and  we  believe  that  this  is 
what  occurred  in  these  experiments.  Mixtures  of  peritoneal  exu¬ 
date  and  sterile  litmus  milk  will  remain  alkaline,  as  I  was  able  to 
show ;  and  consequently  the  greater  acid  production  seen  in  the  mix¬ 
tures  of  exudate  and  pneumococcus  culture,  as  compared  with  the 
controls,  indicates  that  the  organism  grows  better  in  the  presence  of 
this  exudate  than  it  does  in  bouillon. 

That  powerful  bactericidal  substances  can  be  extracted  from  the 
leucocytes  by  various  means  is  well  known.  Hiss  (5)  was  able 
by  mere  extraction  with  sterile  water  to  produce  bodies  with  a 
marked  protective  power  over  infections  by  various  bacteria  in¬ 
cluding  the  pneumococcus.  This  body,  he  concludes,  has  the  prop¬ 
erty  of  neutralizing  bacterial  endo-toxins.  The  bactericidal  effect 
of  extracts  made  according  to  Hiss’s  directions  was  tested  in  the 
same  way  as  was  the  fresh  exudate,  and  it  was  found  that  they 
had  no  effect  on  the  growth  of  pneumococci,  as  is  seen  from  Table 
VII,  which  is  a  composite  of  twelve  observations. 


TABLE  VII. 


Colonies  in  ten  microscopic  fields. 

One  hour. 

Five  hours. 

Twenty  hours. 

Leucocyte  extract . 

0.2 

00 

Pneumococcus  12,  in  bouillon... 

0. 1 

+H — l- 

10 

Leucocyte  extract . 

0.2 

Pneumococcus  8,  milk  culture... 

0. 1 

00 

+  +  + 

0,  very  acid. 

Bouillon . 

0.2 

Pneumococcus  12,  in  bouillon... 

0.  I 

00 

+  ++ 

3 

Bouillon . 

0.2 

Pneumococcus  8,  milk  culture... 

0. 1 

00 

+H — h 

0 

Leucocyte  extract . 

0.2 

0 

0 

0 

Sterile  milk...  . 

0. 1 
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The  remarks  made  above  in  discussing  Tables  V  and  VI  apply 
with  equal  force  here. 

Although  these  observations  prove  conclusively  that  pigeon  exu¬ 
date  has  no  inhibiting  action  on  the  growth  of  pneumococcus  in 
vitro  at  37°  C.,  it  is  necessary  to  test  its  power  of  combating  the 
infection  in  the  susceptible  animal.  White  mice  were  given  intra- 
peritoneal  inoculations  and  autopsies  were  performed  on  all  animals, 
and  except  where  especially  noted,  showed  nothing  striking.  In 
Table  VIII  each  experimental  mous,e  was  given  i  c.c.  of  fresh 
peritoneal  exudate,  and  the  controls  of  i  c.c.  of  physiological  salt 
solution  with  the  pneumococcus  injection. 


TABLE  VIII. 


Experiment. 

Dose. 

Result. 

Pulmonary  involvement. 

1 

T/io 

Died  4  days. 

Control. 

T/io 

Lived. 

2 

T/io 

Died  42  hours. 

R.  up.  and  mid.  lobes. 

Control. 

T/io 

Lived. 

3 

T/S 

Died  18  hours. 

Control. 

T/S 

Died  18  hours. 

4 

T/3 

Lived. 

Control. 

T/3 

Lived. 

5 

T/5 

Lived. 

Control. 

T/S 

Died  18  hours. 

R.  mid.  lobe. 

6 

T/S 

Died  16  hours. 

R.  mid.  lobe. 

Control. 

T/S 

Died  8  days. 

7 

T/6 

Died  24  hours. 

Both  mid.  lobes. 

Control. 

T/6 

Lived. 

- 

8 

T/8 

Died  24  hours. 

Both  mid.  lobes. 

Control. 

T/8 

Lived. 

9 

T/S 

Died  4  days. 

Control . 

T/S 

Lived. 

The  experiments  with  watery  extracts  of  pigeon  leucocytes,  ob¬ 
tained  and  washed  as  previously  outlined,  were  not  very  satis¬ 
factory.  The  results  were  not  definite  and  extended  observations 
were  not  undertaken,  inasmuch  as  Hiss’s  results  demonstrate  clearly 
that  the  action  of  such  extracts  is  not  specific.  The  results  are 
seen  in  Table  IX. 
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TABLE  IX. 


Experiment.  ! 

Dose. 

Result. 

Experiment. 

Dose. 

K  esult. 

1 

T/S 

Died  lo  days.  1 

7 

T/S 

Lived. 

Control. 

T/S 

Died  4  days. 

Control. 

T/S 

Died  18  hours. 

2 

T/2 

Died  3  days.  ' 

8 

T/3 

Lived. 

Control. 

T/2 

Died  3  days. 

Control. 

T/3 

Lived. 

3 

T/io 

Died  3  days. 

9 

T/S! 

Died  8  days. 

Control. 

T/io 

Died  24  hours. 

Control. 

T/S 

Died  18  hours. 

4 

T/io 

Lived. 

10 

T/S 

Died  18  hours. 

Control. 

T/io 

Lived.  j 

Control. 

T/S 

Died  8  days. 

5 

T/iS 

Died  24  hours,  j 

II 

T/io 

Lived. 

Control. 

T/15 

Died  18  hours,  j 

Control. 

T/io 

Lived. 

6 

T/IO 

Lived. 

12 

T/8 

Died  18  hours. 

Control. 

T/io 

Lived.  ! 

Control. 

T/8 

Lived. 

These  experiments  are  interesting  from  two  points  of  view.  Of 
nine  mice  injected  with  fresh  pigeon  exudate,  five  died  while  the 
control  lived  and  one  died  in  sixteen  hours  compared  to  eight  days 
for  the  control.  One  survived  a  dose  that  killed  the  control  in 
eighteen  hours;  and  in  the  two  remaining  experiments  there  was 
no  difference  between  the  control  and  the  animal  under  experiment. 
The  experiments  with  washed  and  autolyzed  peritoneal  leucocytes 
resulted  differently.  In  four  cases  both  animals  survived;  in  one, 
both  died ;  five  lived  longer  than  the  controls  and  two  died  earlier. 
The  contrast  is  rather  striking.  In  the  first  series  in  which  the 
exudate  is  used  the  majority  die  earlier  than  the  controls.  In  the 
second  series  the  life  of  the  majority  is  prolonged.  This  then 
shows  a  definite  “pro-infective”  action  of  the  whole  peritoneal 
exudate  which  is  lacking  when  it  is  washed,  and  which  seems  to 
us  must  be  due  to  the  presence  of  serum  in  the  whole  fluid.  Petter- 
son  (14)  noticed  that  leucocytic  extract  in  bouillon  possessed 
greater  bactericidal  powers  than  the  same  extract  in  serum,  and 
Korschun  (15)  was  able  practically  to  inhibit  the  bactericidal  effect 
of  leucocytic  extracts  by  the  addition  of  inactivated  normal  serum. 
Recently  Cole  and  Smirnow  (16)  have  called  attention  to  the 
“  pro-infective  ”  power  of  blood  serum ;  animals  given  simultaneous 
inoculations  of  pneumococci  and  pigeon  or  rabbit  serum  die  earlier 
than  controls  given  the  culture  and  physiological  salt  solution. 
White  and  Graham  (17)  consider  the  phenomenon  a  “sensitizing 
reaction,”  and  find  that  it  may  be  accomplished  by  very  minute 
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quantities  (.i  c.c.)  of  serum.  Probably  sufficient  serum  is  present 
in  the  exudate  removed  from  the  peritoneal  cavity  of  pigeons  to 
account  for  its  “  pro-infective  ”  action. 

The  incidence  of  pulmonary  involvement  in  the  first  series  of 
mice  is  interesting.  In  the  gross,  there  was  a  definite  lobar  involve¬ 
ment  ;  the  infected  lobes  were  dark  red  or  dull  grey  in  contrast  with 
the  normal  pink  lung  tissue;  some  sank  in  water,  others  did  not. 
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Chart  I.  Injected  pigeon  died  during  night;  control  lived.  (See  te.xt.) 

When  the  lungs  were  studied  microscopically,  however,  in  no  case 
was  lobar  pneumonia  seen,  but  simply  very  extensive  broncho-pneu¬ 
monia.  It  has  been  extremely  rare  to  find  lung  involvement  follow¬ 
ing  injections  of  pneumococci  in  mice.  No  explanation  is  offered 
for  the  high  percentage  occurring  with  this  particular  method  of 
injection. 

Only  brief  mention  will  be  made  of  attempts  to  cause  pneumo- 
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coccus  infections  by  combined  injections  in  various  ways  of  mor¬ 
phine,  lactic  acid  and  the  filtrate  of  very  old  typhoid  cultures  with 
pneumococci.  These  all  resulted  negatively  and  the  peritoneal  re¬ 
action  was  that  seen  after  ordinary  pneumococcus  injection.  The 
alkalinity  of  the  serum  of  a  pigeon  titrated  against  dimethylamido- 
azobenzol  was  practically  the  same  as  that  of  man. 


Chart  II.  Injected  pigeon  died  9  p.  m. ;  control  lived. 


As  the  biological  reactions  in  the  pigeon  to  pneumococcus  do 
not  seem  to  differ  from  those  in  the  mouse  and  cannot  explain  the 
difference  in  effects,  it  seemed  wise  to  investigate  any  individual 
peculiarities  of  the  pigeon. 

The  most  striking  difference  between  the  pigeon  and  the  white 
mouse  or  man  is  in  the  temperature,  which  in  a  series  of  thirty  birds 
was  found  to  average  41.5°  (106.7°  F.).  Tests  on  the  thermal 
death  point  of  the  pneumococcus  revealed  the  striking  fact  that 
between  forty  and  forty-one  there  was  inhibition  of  growth  on 
human  blood  agar  or  in  the  exudate  from  the  pigeon’s  peritoneal 
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cavity.  In  milk  the  cultures  withstood  a  temperature  of  41.5°  C. 
These  tests  were  made  with  numerous  strains  of  the  organism,  and 
while  a  sharp  thermal  death  point  could  not  be  demonstrated  for  all 
strains  there  was  nevertheless  a  general  inhibition  of  growth  be¬ 
tween  the  points  named. 


Chart  III.  Injected  pigeon  died  during  night;  control  lived. 


It  seemed  reasonable  to  suppose  that  were  it  possible  to  reduce 
the  temperature  of  the  pigeon  sufficiently,  a  pneumococcus  injection 
would  give  the  same  results  as  occur  in  the  mouse.  Attempts  to 
reduce  the  temperature  according  to  the  classical  experiment  of 
Pasteur  by  keeping  the  bird  for  twenty-four  or  forty-eight  hours  in 
melting  ice  caused  no  change.  Subcutaneous  injection  of  pyrami- 
don  (dimethylamidoantipyrin)  was  found  to  reduce  the  pigeon’s 
temperature,  and  tests  of  its  toxicity  were  made  on  sixteen  pigeons, 
with  the  results  seen  in  the  control  curves  on  the  charts.  Two 
pigeons,  however,  died  within  ten  minutes  of  the  injection  of  one 
grain,  with  symptoms  resembling  cerebellar  ataxia,  but  in  both 
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animals  the  injection  had  been  made  intramuscularly  instead  of 
subcutaneously,  as  was  done  in  all  other  experiments.  As  the  action 
of  pyramidon  is  not  very  lasting',  the  organism  used  in  the  injection 
should  be  as  virulent  as  possible,  but  at  the  time  the  experiments 
were  performed  it  was  impossible  to  procure  such  a  culture,  and  we 
had  to  resort  to  large  doses  of  a  phagocy  table,  rather  a  virulent, 
organism.  Charts  I  to  IV  show  conclusively  that  one  can  cause  a 
pneumococcus  septicaemia  in  the  pigeon  after  its  temperature  has 
been  lowered  sufficiently.  Charts  V  and  VI  are  controls  showing 


Chart  IV.  Injected  pigeon  died  9  p.  m. ;  control  lived. 


that  the  mere  combination  of  pyramidon  and  pneumococcus  without 
reduction  in  the  temperature  will  not  give  the  same  results  as  are  seen 
when  the  temperature  is  lowered,  and  the  control  curves  show  that 
mere  reduction  of  temperature  is  not  sufficient  to  cause  death.  The 
control  birds  were  kept  under  identically  the  same  conditions  as 
were  the  experimental  birds. 

In  the  charts  the  circles  and  unbroken  lines  represent  the  rectal 
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temperature  of  the  experimental  pigeons,  while  the  solid  dots  and 
broken  lines  represent  the  controls.  The  treatment  of  the  two  birds 
was  the  same  up  to  the  injection  of  the  pneumococcus,  and  here  the 
control  was  given  the  same  volume  of  sterile  broth.  No  control 
died.  Chart  IV  represents  two  experiments,  the  course  of  which 
was  the  same. 

That  death  was  due  to  the  injection  of  pneumococci  is  clear  from 
the  following  evidence.  The  pigeons  receiving  pneumococci  were 
always  sicker  than  the  controls.  Smears  of  the  peritoneal  fluid  con- 


Chart  V.  Pigeon  survived  five  injections  of  pyramidon  and  two  of  pneumococci. 


tained  free  cocci  as  late  as  twenty  hours  after  the  injection,  and  the 
number  of  free  organisms  seemed  to  vary  directly  with  the  intensity 
of  the  symptoms.  In  pneumococcus  injections  at  the  pigeon’s 
normal  temperature  the  bacteria  disappear  in  from  three  to  eight 
hours,  and  the  bird  is  usually  no  sicker  than  a  control  given  any 
sterile  fluid.  Furthermore,  autopsies  were  performed  on  all  the 
birds.  The  peritoneum  was  inflamed,  contained  fibrin  and  free 
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fluid,  which  despite  rather  active  phagocytosis  showed  in  all  cases 
large  numbers  of  free  diplococci.  In  three  of  the  five  pigeons  it 
was  practically  impossible  to  distinguish  the  peritoneal  fluid  from 
that  of  a  mouse  dead  of  pneumococcus  peritonitis.  Cultures  from 
the  peritoneal  cavity  gave  in  all  cases  pure  pneumococcus.  Although 


Chart  VI.  Pigeon  survived. 


smears  from  the  heart’s  blood  showed  no  organisms,  cultures  were 
positive  in  four  cases,  and  in  the  fifth,  the  pneumococci  were  so  abun¬ 
dant  in  the  peritoneal  cavity  that  the  cause  of  death  could  not  be 
doubted.  Post-mortem  growth  and  invasion  of  the  blood  stream  is 
practically  excluded  by  the  fact  that  the  pigeons  were  placed  in  the 
ice-chest  almost  immediately  (one  or  two  hours)  after  death. 

SUMMARY. 

1.  Phagocytosis  of  pneumococci  in  vitro  runs  parallel  with  phago¬ 
cytosis  in  vivo. 

2.  Virulence  depends  not  only  on  resistance  to  phagocytosis,  but 
also  on  the  ability  to  grow  in  the  body  of  the  animal. 
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3.  The  biological  reaction  of  the  pigeon  to  pneumococcus  infec¬ 
tion  does  not  differ  from  that  of  the  mouse. 

4.  The  “immunity”  of  the  pigeon  to  pneumococcus  infection  is 
due  to  its  normal  high  temperature. 
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